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Executive Summary

The Dow Chemical Company, Inc. (Dow) initiated a Benthic Community Study in 2010 as part
of investigation activities related to the Tittabawassee River within Operable Unit 1 (OU1),
Segments 1 and 2*. The goal of the benthic community study was to implement standardized
and accepted sampling and analysis methods to evaluate the structure/condition of the benthic
macroinvertebrate community (i.e., the sediment dwelling organisms) in the Tittabawassee
River in the vicinity of The Dow Chemical Company Michigan Operations Facility (MiOps) in
Midland, MI.

The benthic community assessment study involved:

Sampling 21 locations from 9 Reaches including reference stations located in the
upstream Tittabawassee River, upstream Chippewa River, and below the
Tittabawassee/Chippewa confluence and upstream from Dow’s MiOps facility.

Collecting and analyzing data from 167 discrete benthic community samples using three
sampling methods, each providing unique insight into the benthic community.

A systematic evaluation of river habitat characteristics, water quality measurements, and
sediment substrate characteristics.

Detailed reporting of activities and methods used to conduct the study including the use of
United States Environmental Protection Agency (EPA) and Michigan Department of
Natural Resources and Environment (DNRE) quantitative evaluation approaches.

Data grouping in a manner that provided an understanding of benthic community condition
for “Reaches” as defined for OU1 and each individual location, including those that were
sampled within Segment 1 sediment management areas (SMAs), as defined in the
Segment 1 Response Proposal.

An analysis and comparison of results from locations downstream from Dow’s MiOps
facility to upstream reference locations and to DNRE's designated eco-regional reference.

The benthic community study results showed that:

Benthic communities adjacent to and downstream from Dow’s MiOps facility (down to
Reach M) were robust (diverse, abundant) and not significantly different from reference
conditions when considered for overall Reaches, with the following conclusions drawn
based on EPA and DNRE scoring criteria and condition designations:

— Conditions in Reaches E though M, when compared to the DNRE ecoregional
reference approach scored from “excellent” to “tending toward excellent.”

— Conditions in Reaches E though M, when compared to reference areas using the
EPA approach scored from “non-impaired” to “slightly impaired,” depending on the
Reach and sampling type.

! The majority of sampling was conducted in Segment 1. Several Reaches within Segment 2 were also
included in the Study (Reaches I, K, and M).
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— Statistical testing on a Reach basis did not identify any significant differences
between reference conditions and benthic community structure in Reaches E
through M.

e Benthic community results were also considered for each sampling location within
Reaches, including those within areas designated as Segment 1 SMAs. These results
also indicated that for most locations, benthic community conditions were similar to that
found at reference locations. Two locations were identified with benthic community
conditions that were statistically significantly different from that observed at reference
locations, and these results suggest potential localized effects of chemical contaminants
and/or stormwater sources as follows:

— One station in Reach H (RH-150+00) located within SMA 6 with elevated
concentrations of ethyl parathion.

— One station in Reach | (RI-164+50) that had one of the lowest habitat
characterization scores, and a benthic community represented by proportionally
more pollution-tolerant species. This location exhibited slightly higher scores for the
Hilsenhoff Biotic Index (HBI), suggesting potential organic (i.e., nutrient) enrichment
sources attributable to regional stormwater inputs from Lingle Drain, which
discharges to the Tittabawassee River immediately upstream of this station.

e Benthic community structure/condition at locations sampled in the Tittabawassee and
Chippewa Rivers is generally within the range of conditions observed in other similar-sized
Michigan rivers.

In summary, this benthic community assessment study was successfully implemented,
produced a technically strong and useful dataset, and numerous lessons were learned. The
study sampling methodologies worked well. A wide range of habitat conditions were
encountered and sampled. Suitable reference areas were identified, and the Composite
Reference approach was shown to be a robust way to integrate results from numerous
reference locations. While the results of this benthic community study are robust, it is
recognized that this assessment was only one sampling effort. The data collected during the
benthic community study support the conclusion that the benthic community in Reaches E
through M is diverse, abundant, and comparable to Composite Reference locations with two
exceptions (as noted above for specific localized areas within Reaches H and I, which may be
potentially related to an indentified SMA or ongoing stormwater discharges). Benthic community
structure/condition at most locations was very comparable to (not different from) the Composite
Reference conditions, even in most samples collected from within Segment 1 SMAs. Sampling
results and observations from this benthic community study suggest that non-chemical habitat
limitations (i.e., relative lack of structure and coarse particulate organic matter) influence the
benthic community in Segments 1 and 2. In conclusion, results from this benthic community
study indicate that the structure/condition of benthic communities within Segments 1 and 2 of
the Tittabawassee River (down to Reach M) is comparatively similar to that observed at site-
specific reference stations, as reflected by the Composite Reference, and consistent with eco-
regional reference conditions.
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1 Introduction

The Dow Chemical Company, Inc. (Dow) initiated a benthic community study during 2010 as
part of investigation activities related to the Tittabawassee River within Operable Unit 1 (OU1),
Segments 1 and 2°. This report provides a detailed description of this benthic community study,
including the purpose and objectives of the study, review of technical guidance and methods
used to implement the work, and the findings of the study.

1.1 Benthic Community Study Objectives

The purpose of the 2010 benthic community study was to implement standardized and
accepted sampling and analysis methods to evaluate the condition of the benthic
macroinvertebrate community in the Tittabawassee River in the vicinity of The Dow Chemical
Company Michigan Operations Facility (MiOps) in Midland, Michigan. This benthic community
study was designed and intended to provide an approach for the evaluation of potential risks
from sediment-associated contaminants to benthic receptors (populations and communities) in
Segments 1 and 2, supplementing other approaches including sediment chemistry and
toxicology available for these reaches of the river into an overall sediment quality triad (SQT)
approach (Figure 1-1). In addition, samples were located in identified Segment 1 sediment
management areas (SMAS), but it was not the goal of the study to exclusively characterize
those SMAs. As such, benthic community locations were not specifically co-located with
chemistry or toxicity testing locations. SMAs, and the basis of the SMASs, are provided in the
Segment 1 Response Proposal (Dow 2011).

In order to evaluate the condition of the benthic community and further inform identification of
appropriate Segment 1 response actions, the following were the overall objectives of the 2010
benthic community study:

e Conduct an objective evaluation of the benthic community in the Tittabawassee River
using standard United States Environmental Protection Agency (EPA), Michigan
Department of Natural Resources and Environment (DNRE; and former Michigan
Department of Environmental Quality [DEQ]) sampling methods, assessment protocols,
and analysis procedures

e Provide an approach for evaluating the condition of the benthic macroinvertebrate
community in the river, including, but not limited to SMAs identified within Segment 1

o Evaluate spatial trends in the condition of the benthic community (i.e., community
structure) for locations adjacent to and downstream from Dow’'s MiOps facility, comparing
benthic community conditions in Segment 1 with site-specific and eco-regional reference
conditions

2The majority of sampling was conducted in Segment 1. Several Reaches within Segment 2 were also
included in the Study (Reaches I, K, and M).
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o Consider the benthic community data in the general context of a SQT approach,
recognizing the distinction between the available data (limited corresponding station-
specific data for sediment chemistry, toxicity and benthic community structure) and a
formal SQT

e Assess the importance of potential relationships between community structure metrics,
habitat factors, and chemical stressors

e Compare results from the 2010 benthic community study with results obtained by other
investigators for other similar rivers in Michigan (Goodwin 2008), to the extent that such
information is available

e Use experience and information gained during the study to inform future benthic
community studies, if such studies are deemed necessary

1.2 Technical Guidance

The 2010 benthic study was conducted using EPA and DNRE sampling methods, assessment
protocols, and analysis procedures (EPA 1989, 1999, 2002, 2006, DEQ/Creel et al. 1998,
Wilhelm et al. 2005, DEQ® 2008). Both wadeable and non-wadeable assessment approaches
were considered because both types of habitats are present in the Tittabawassee River and it
was unclear at the onset of the study which approach would be most effective (i.e., considering
accessibility). According to DEQ (2008), the physical transition between wadeable and non-
wadeable rivers is not distinct and is primarily determined by the ability to adequately sample all
available habitats and safely wade the majority of the channel. It is generally preferable to
sample the benthic community using wadeable techniques, especially where hard-bottom
substrates exist, because wading enables the use of certain sampling methods that more
effectively allow diverse habitats to be sampled quantitatively. For example, collection of a
benthic grab sample using a Surber sampler”, which is used in wadeable conditions, allows
sampling in crevice habitats (e.g., between rocks) that many organisms prefer. Sampling in
these habitats is nearly impossible using a standard non-wadeable dredge sampling technique
because the cobble and gravel material in the streambed prevent the proper closure of a
dredge.

Designation between wadeable and non-wadeable conditions was challenged by the daily
variability of the surface water elevations due to the release of water from the Sanford Dam. For
example, no water is released on weekends, so some areas of the Tittabawassee River were
wadeable on the weekend through mid-morning on Monday, but those same areas were not
safely wadeable Monday afternoon through Friday afternoon. The following guidance
documents were considered for use in the benthic community study:

% References to DEQ guidance is provided for accuracy in a manner consistent with DNRE posting of
guidance documents on the DNRE website (e.g., “Procedure 51” guidance is posted on the DNRE website
under the title “DEQ Water Bureau Policy and Procedures”).

*This sampling technique is described in detail in Section 2.4.1.
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e Habitat assessment of non-wadeable rivers

— Concepts and Approaches for the Bioassessment of Non-wadeable Streams and
Rivers (EPA 2006)

— Habitat Assessment of Non-Wadeable Rivers in Michigan (Wilhelm et al. 2005)

e Benthic invertebrate community assessment for wadeable rivers

— Rapid Bioassessment Protocols (RBP) for use in Streams and Wadeable Rivers
(EPA 1989, 1999)

— Qualitative Biological and Habitat Survey Protocols for Wadeable Streams and
Rivers (DEQ 2008)

— Great Lakes and Environmental Assessment Section (GLEAS) Procedure 51
Metric Scoring and Interpretation (DEQ/Creel et al. 1998)

The primary objective of the benthic community study was to provide an approach for
evaluating the condition of the benthic community in the Tittabawassee River. By using
sampling and analysis techniques developed by EPA and DNRE, this benthic community study
was designed to provide data for assessing potential spatial trends (i.e., differences) in benthic
community structure.

As noted above, sampling locations included stations within Segment 1 SMAs to the extent that
those areas were accessible for benthic sampling. As such, results from this work reflect
benthic community conditions within the Segment 1 SMAs; but it was not the goal of this study
to comprehensively characterize these SMAs. Finally, data from this benthic community study
are useful as part of a SQT-type approach, recognizing the distinction/difference between the
benthic community study performed in Segment 1 and that which would be done to support a
more formal SQT (Figure 1-1). A formal SQT involves more extensive co-located sampling to
compare and integrate multiple approaches related to sediment chemistry, toxicology, and
biological community assessment (EPA 2002). In fact, some Tittabawassee River locations
where sediment samples were collected earlier (e.g., in 2008 and 2009) have already been
remediated. In this study, benthic community assessment sampling stations were not
specifically and fully co-located with those for sediment chemistry and toxicity testing. Thus, the
data can and should be considered collectively in the spirit or context of an appropriate SQT-
type approach.

Notwithstanding this lack of overlap, this report provides an SQT-type evaluation by providing
data that:

o Directly measure benthic community structure in the river, with data grouped into Reaches
consistent with the upper OU1 “Reach” designations that have been developed for the
river investigation

¢ Include location-specific analysis and discussion of results so that samples placed within
areas designated as SMAs within the Segment 1 Response Proposal can be examined
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1.3 Reference Site Approach

An important component of any benthic community assessment is the comparison to reference
sites or conditions, since this is the basis for determining whether or not impairment is observed
(EPA 1999, 2006, DEQ 2008, DEQ/Creel et al. 1998). The 2010 benthic community study
evaluated multiple site-specific reference areas in the Tittabawassee River, the Chippewa
River, and at the confluence of the Tittabawassee and Chippewa Rivers upstream/upgradient
from Dow’s MiOps facility. The identification and designation of site-specific references follows
EPA guidance (1989, 1999, 2006). In addition to evaluation of site-specific reference conditions,
this report also compares the 2010 benthic community study results to an “eco-regional
reference” within the State of Michigan, as identified in DNRE guidance (DEQ 2008, DEQ/Creel
et al. 1998). These approaches are described in detail in Section 2 of this report.

1.4 Report Organization
The remainder of this report is as follows:

e Section 2 describes sampling locations, habitat assessment approach, and rationales for
the selected approaches.

e Section 3 identifies the benthic community assessment methodology, data analysis
approach, including the taxonomic identification protocols and the benthic community
metric calculation approach using both EPA and DNRE data analysis techniques.

o Section 4 presents the habitat assessment results critical to understanding the
comparability of habitats between locations and the site-specific reference areas. In
addition, Section 4 provides the benthic community assessment results for three types of
sampling methods, showing both Reach-based average results and location-specific
results to provide insight into potential influences from SMAs.

e Section 5 summarizes the results for the 2010 benthic community study by discussing how
results for locations adjacent to and downstream from Dow’'s MiOps facility compare to
site-specific reference areas. The 2010 results are also evaluated and discussed in the
context of DNRE’s eco-regional reference approach, based on previous studies of similar
rivers in Michigan. Finally, Section 5 reflects on the implementation of the standard EPA
and DNRE methods used in this study and discusses lessons learned.

17
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2 Benthic Habitat Assessment Methods and Results

The benthic community assessment sampling was comprised of two key components: 1) the
habitat assessment and 2) the collection of benthic macroinvertebrates. This section identifies:

The sampling locations included for habitat and benthic community assessment, including
the rationale for sample location selection (including site-specific reference stations), and
the proximity of sampling locations to SMAs.

The habitat assessment field documentation, including the DNRE-based scoring approach
and the additional water quality parameters sampled during the field effort.

2.1 Sampling Locations

The 2010 benthic community study was conducted in the area of the Tittabawassee River
identified as OU1, with sampling focused on the upstream reaches of OU1 within Segment 1
and a small portion of Segment 2 (Figures 2-1a and 2-1b). The selection of sample locations
was based on a two-tiered approach considering: (1) location relative to the Dow MiOps facility;
and (2) the availability of comparable benthic community habitat within different Reaches and at
site-specific reference stations.

The rationale included consideration of site-specific reference stations and Reach-based
locations adjacent to and downstream from the MiOps facility. Site-specific reference
stations included upstream Tittabawassee River sites, upstream Chippewa River sites,
and a reference area between the confluence of these rivers and the MiOps facility
(Reaches A and B of Segment 1).

The habitats at each location were carefully inspected and efforts were made to identify
consistent and comparable habitats to the extent such habitats were present. This is
important because differences in habitat can lead to differences in community structure.
Controlling for habitat, to the extent possible, allows for more direct comparisons of
benthic communities among locations. Habitat scoring methods were used as part of this
inspection process, and this approach is described further below.

Reaches within Segment 1 and 2 adjacent to and downstream from the Dow MiOps facility
included:

Reach E
Reach F
Reach G
Reach H
Reach |

Reach K
Reach M

18
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As mentioned above, three site-specific reference areas were sampled upstream of the Dow
MiOps facility in the Tittabawassee River and Chippewa River. Samples collected within
Reaches A and B reflect reference conditions within the river where the Tittabawassee and
Chippewa Rivers begin to mix across the channel. The benthic samples collected within Reach
B were located close to the Reach A/B boundary (i.e., only a short distance into Reach B).
Since the samples from Reaches A and B were collected to reflect reference conditions in the
tributary mixing zone, they were combined to reflect the Reach-specific conditions of this
portion of the river (and are considered separately for discussions of location-specific results).
These reference areas are designated as follows:

e Reaches A/B
o Tittabawassee River Reference

e Chippewa River Reference

Figure 2-1b provides an overview of the sampling locations within Segment 1 and Segment 2 of
the Tittabawassee River and reference locations within the Tittabawassee and Chippewa
Rivers. Each sampling type is described in Figure 2-2. Detailed mapping of sample locations
are presented in Figures 2-3a through 2-3j. A photo log of sample locations and field efforts is
provided in Appendix A.

Table 2-1a presents information on the types of samples collected (grab, sweep, total organic
carbon [TOC]/grain size, habitat assessment, water quality, and flow), sample locations, and
the dates the samples were collected. Similar information is presented in Table 2-1b for the
artificial substrate samples (HDs), including information on deployment and retrieval.

2.2 Habitat Assessment Approach and Results

A habitat assessment is an important component of the benthic community assessment
because habitat quality directly influences the benthic community abundance and diversity.
Therefore a semi-quantitative evaluation of habitat conditions allows insight into the benthic
community that may be present at any location and provides a basis for comparison between
locations of interest in Segments 1 and 2 and the reference areas. Habitat assessment field
documentation followed EPA and DNRE guidance (EPA 2006, Wilhelm et al. 2005, DEQ 2008).
For consistency, one qualified person was designated to score all locations.

Wadeable and non-wadeable guidance was considered because portions of the river fall into
both categories and initially, it was not considered likely that sufficient wadeable habitat would
be available at all locations. Wilhelm et al. (2005) define non-wadeable rivers in Michigan as
those that (1) equal or exceed a river order of five; have a drainage area of at least 1,600
square kilometers (km?); (3) have a main-stem length of at least 100 kilometers (km); and (4)
have a mean annual discharge (MAD) of at least 15 cubic meters per second (m®/s). Using
these criteria, the Tittabawassee River is identified as a non-wadeable river (river order of 6,
drainage area of 6,853 km?, main-stem length of 343 km, MAD of 49 m%s) (Wilhelm et al.
2005). Therefore, DNRE’s Non-Wadeable Habitat Index (NWHI; Wilhelm et al. 2005) was
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initially considered the most likely approach that should be used to characterize habitat in the
Tittabawassee River and reference areas. During the study, additional opportunities to collect
wadeable samples were recognized, in part because of daily fluctuations in discharge from the
upstream Sanford Dam. Therefore, the DNRE wadeable habitat scoring approach was
ultimately used for this assessment (DEQ 2008). The DNRE wadeable habitat scoring is
consistent with EPA’s habitat scoring of wadeable habitat. An overview of the scoring approach
is provided in Table 2-2a, and the habitat scoring is provided in Table 2-2b. Excerpts from the
DNRE guidance related to the elements of habitat scoring are provided in Appendix B.

Scoring addresses three key categories of habitat structure:

e Substrate and instream cover
e Channel morphology

e Riparian and bank structure

There are 10 habitat variables that fit within the 3 categories of habitat structure. Each variable
is scored on a scale of 1 to 20, for a total of up to 200 points that are used to designate habitat
guality as poor (score 0 to 50), marginal (score 51 to 100), good (score 101 to 150), and
excellent (score 151 to 200). Habitat scoring for each of the sample locations included in the
benthic study, including the overall ranking of poor to excellent, are provided in Table 2-2b. The
two Tittabawassee reference areas scored in the excellent range. The majority of locations
scored in the good range. Five locations scored in the marginal range. Every effort was made to
select locations as comparable as possible; nonetheless, as seen in Table 2-2b, there were
differences among locations. The contribution of habitat differences as explanations for
differences in community composition and structure is discussed further in Sections 4 and 5.

2.3 Sediment Characteristics and Water Quality Related to Habitat Assessment

General sediment and water quality assessments are also components of habitat
characterization, as non-chemical factors including sediment grain size, TOC content, and
dissolved oxygen (DO) can have a significant influence on community structure. Therefore, in
addition to the seven metrics required by the NWHI, additional habitat characterization data
were collected at each reach. Table 2-3 presents the approximate proportions of sediment
substrate that were boulders, cobbles, gravel, sand, silt, or clay®. The categories were
estimated based on visual inspection of the sediment surface where benthic grab samples were
collected. Results showed consistently larger substrate size in the Tittabawassee River
locations and much smaller substrate sizes in the Chippewa. Segment 1 and 2 locations fell
within this overall range.

® Substrate size classes are defined as particles with the following diameters: boulders (greater than 256
millimeter [mm]), cobbles (64 mm to 256 mm), gravel (2 mm to 64 mm), sand (1/16th mm to 2 mm), silt
(1/256™ mm to 1/16™ mm), and clay (less than 1/256™ mm).
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Sediment samples were also collected and analyzed for grain size and TOC. These data are
provided in Table 2-4a and 2-4b.

Grain size results showed comparable substrates among most locations. Reaches RE-62,
RH-143, and RM-285 having generally the larger grain size and RA-Ref 01, RB-13, RE-
77+50, and RI-166 having among the smallest grain size.

TOC results ranged from non-detect (Reach B) to 2.5% (Reach I). The Tittabawassee
River locations generally averaged 1% to 1.2% TOC while the Chippewa and Reaches A
and B had less than 0.5% TOC at each location. As discussed in more detail below, these
substrate differences may influence benthic community characteristics between the
different reference locations.

The final component of the habitat assessment effort included as part of the benthic study was
the collection of water quality parameters. Table 2-5 presents results for the following water
guality parameters measured in each reach:

Flow rate

Salinity

Dissolved oxygen

Oxidation reduction potential (ORP)
Temperature

Specific conductance

pH

Turbidity

The results from the water quality assessment showed that with limited exceptions, the
locations sampled had comparable water quality conditions. There were some differences in
river velocity, but that was also influenced by timing of measurement with regard to releases
from the Sanford Dam. For example, TR-Ref-01 was sampled prior to water release from the
dam (measured velocity of 0.31 feet per second [ft/s]). However, Ref-02, located only a short
distance away, was measured during the water release period (velocity of 1.53 ft/sec). DO
levels were near (or above) saturation throughout the Tittabawassee River, indicating
productive photosynthetic communities (e.g., by suspended and/or attached algae). The pH
measurements were also similar between all stations, with values ranging from 8.68 to 9.63,
which also indicate productive photosynthetic communities.
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3 Benthic Community Sampling Methods and Data Analysis
Approach

Three benthic macroinvertebrate sample collection techniques were used during the benthic
community study. This section describes the technique and how each technique provides
different views of the benthic community in the river.

3.1 Benthic Community Assessment

EPA and DNRE identify multiple benthic community assessment sampling procedures and all
have different utilities. It is often advantageous to use multiple approaches for the purpose of
adequately characterizing the benthic macroinvertebrate community. Therefore, collection of
benthic macroinvertebrates was conducted using three types of sampling collection: benthic
grab samples (grab samples), artificial substrate samples (Hester Dendy [HD] samples), and
gualitative, multi-habitat samples (sweep samples). These are described in more detail below
and illustrated on Figure 2-2. Sample handling and shipment is also briefly described.

3.1.1 Benthic Grab Samples

Benthic grab sampling provides a focus on river sediments. The type of grab sampler used
depends on whether the habitat is considered wadeable or non-wadeable and on what type of
sediment substrate and grain size is found during the benthic community assessment.
Relatively fine grained silt and sand substrates are typically best sampled using a grab sampler
such as a petite ponar, whereas coarser grain sediment, such as gravel and cobble, are often
best sampled using a Surber sampler. The substrates from the sampling locations were
comprised primarily of sand, cobble, and rocky substrates and have relatively coarse grain
sizes (Tables 2-3). Therefore, given the presence of cobble substrates and wadeable habitat,
the Surber grab method was determined to be the most suitable sampling method.

Surber grab samplers collect organisms from flowing water passing through the sampler (EPA
1990, 2006) and consist of two frames hinged together (one frame rests on the substrate and
the other remains upright to hold the nylon collection net). To collect organisms, the Surber was
positioned with the net mouth facing upstream. Substrate upstream of the sampler was
disturbed to a depth of approximately 10 centimeters (cm). Large stones and woody debris
were carefully rubbed to remove organisms and allowed to flow in to the sampler. Once the
sampler was removed from the water, the sample was rinsed into a sorting tray and sieved to
remove water (EPA 1990).

Grab samples were obtained from 19 locations within Segment 1 and Segment 2, as well as
within the Tittabawassee and Chippewa River reference areas (i.e., 13 locations adjacent to
and downstream from Dow’s MiOps facility, and 6 locations within the 3 reference areas,
including those from Reaches A/B). Three replicate grab samples were collected at each
sampling location, resulting in 57 discrete grab samples (Table 2-1a, and Figures 2-3a through
2-3)).
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3.1.2 Artificial Substrate Samples

The use of artificial substrate samplers augments the benthic grab sampling approach because
it allows consideration of organisms that reside within the river but that have habitat preferences
not readily sampled using benthic grab approaches (e.g., those requiring larger grain/cobble
substrates or those that inhabit woody debris). The artificial substrate sampling approach can
provide insight on potential benthic community gradients within the river (if any), as this
approach standardizes the habitat structure at each location. As discussed above, sediment
physical characteristics can interfere with the ability to interpret benthic macroinvertebrate data.

HD artificial substrate samplers are among the most common artificial substrates available and
they come in a variety of shapes and sizes. Figure 2-2 shows an example HD sampler. The HD
samplers used in this benthic community assessment consisted of a series of 14 round
hardboard plates, separated by spacers and fastened together through their centers to a
threaded eyebolt. The hardboard sampler was approximately 14 cm long and had a surface
area of roughly 0.116 square meters (m?). Photographs of HD samplers used in the study are
provided in the Photo Log in Appendix A. The HD samplers were attached to a rope which was
weighted with a cinderblock anchor and a buoy to keep the sampler off the river bottom. During
HD sampler recovery, a 500 micrometer (um) mesh net was held just downstream of the
sampler in order to recover dislodged organisms (EPA 1999).

The HD samplers were deployed at 21 locations within Segment 1 and 2, as well as within the
Tittabawassee River and Chippewa River reference areas. The HDs were deployed for a period
of 28 days to allow for colonization of benthic macroinvertebrates (Table 2-1b, and Figures 2-3a
through 2-3j). Deployment and retrieval dates are identified on Table 2-1b. Five replicates were
placed at each location, resulting in 105 discrete samplers being deployed. Nine HD samplers
were not recovered due to high flow conditions and debris. Therefore, 96 discrete samples
were collected. The following HD samplers were not recovered:

e Two HD samplers from Reach E (RE-073+00)
e Two HD samplers from Reach H (RH-143+00)
e Five HD samplers from Reach F (RF-108+50)

3.1.3 Sweep Samples

The sweep sampling technique enables characterization of habitats within the river that are not
captured by either grab samples or artificial substrates. These include vegetated margins,
undercut banks, large woody debris, and other habitats where benthic organisms dwell. Sweep
sampling followed procedures outlined in DEQ (2008). Macroinvertebrate samples were
collected from all available habitats either by using a dip net or by hand picking. Each sweep
sample collected from individual locations was combined to form one composite sample for that
station. Approximately 20 minutes of sampling time was spent per location to ensure adequate
sampling of all habitat types. The composition of sweeps included six subsamples that
represented the overall habitat available at each location, as recorded for each location in Table
2-6. Example sweep subsamples included the following:
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e Woody debris sweep

e Submerged aquatic vegetation sweep
e Leaf pack sweep

e Gravel bottom sweep

e Cobble bottom sweep

o Algae covered boulder sweep

e Vegetated gravel sweep

Sweep samples were collected from 14 locations within Segment 1 and Segment 2 and the
Tittabawassee and Chippewa River reference locations. One composite sample was collected
at each location, resulting in 14 discrete samples (Table 2-1a, and Figures 2-3a through 2-3)).

3.14 Sample Handling and Shipment

A total of 167 discrete samples were collected, placed in individual containers, preserved in
70% isopropyl alcohol, and shipped with appropriate dangerous goods packaging/labels to a
gualified laboratory for taxonomic identification. Taxonomic identification is discussed further in
Section 3.

3.2 Data Analysis
The benthic community data analysis involved four comprehensive steps, each described in
detail in this section:

1 Taxonomic identification of the organisms within each sample replicate to the lowest
taxonomic level practical

2 Calculation of 12 “metrics”

3 “Multi-metric scoring” using the EPA approach to yield statements of “biological condition

4 Multi-metric scoring using the DNRE approach to yield statements of biological condition

A benthic community metric is a quantitative indicator of an attribute of the biological
community. Each metric can be considered a separate approach. Each metric provides a
unique attribute of the biological community. Alone, they provide focused insight into a
particular part of the community balance, and collectively, the multiple metrics provide a broad
understanding of the benthic community as a whole. There are 12 metrics considered, as
described in detail below.

The multi-metric scoring approach is a systematic and straightforward mathematical approach
where each metric from each location is given a score based on how it compares to either the
site-specific reference (EPA) or the ecoregional reference (DNRE).
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Statements of biological condition are qualitative summary descriptions based on the similarity
between any given location and the site-specific reference or ecoregional reference. Biological
condition is defined by EPA and DNRE using different terminology, as follows:

e Locations are designhated as non-impaired, slightly impaired, moderately impaired, or
severely impaired using the EPA approach. For example, when a location is within
approximately 20% of the site-specific reference location, then the location is considered
non-impaired.

e Locations are designated as being excellent, tending toward excellent, neutral, tending
toward poor, or poor using the DNRE approach based on how the combination of nine
metrics compared to the reference metrics. For example, when a location is given a score
of +5 to +9, then the location is considered excellent.

The methods for scoring are conceptually the same for both the EPA and the DNRE
approaches, the key differences (other than terminology) are as follows:

e The EPA allows selection from 30 to 40 metrics, and those identified for use in this study
are consistent with those identified by DNRE as being the most appropriate for use in
Michigan (EPA 1989, 1999; DEQ 2008, Creek et al. 1998). The EPA approach includes
two additional metrics not considered as part of the DNRE approach. The rationale for
those metrics are described further in Section 3.1.1.

e The EPA approach is based on comparisons to site-specific references (i.e., those from
the 2010 benthic study, Figure 2-1b) while the DNRE approach is based on a comparison
to literature derived regional reference values developed from extensive sampling
performed during the mid-1980s (Omernik 1987, illustrated on Figure 3-1).

e The EPA approach applies to all three sampling types (grabs, HDs, and sweeps) but the
DNRE approach applies only to sweeps.

The remainder of this section describes each of the four comprehensive steps identified above.

3.3 Taxonomic Analysis

Normandeau Associates, Inc. conducted the taxonomic identification at their laboratory in
Stowe, Pennsylvania. Subsampling was conducted for abundant species, and whole sort/counts
were performed for non-abundant taxa using EPA protocols (EPA 1999, Normandeau 2010).
After all non-abundant taxa were removed from the matrix, a Folsom splitter was used on the
remaining matrix to cut it down to 1/2 or 1/4 (sometimes lower for extremely abundant taxa).
This split was then completely sorted for the abundant taxa. All individuals were identified and
their counts multiplied by the appropriate split ratio. Subsampling in this manner allowed the
sorter to look at the whole matrix, so rare taxa were not overlooked, while also maximizing
efficiency. Sorted organisms were separated into vials for slide-mounted (chironomids and
oligochaetes) and non-mountable fractions. Chironomid larvae and oligochaetes were mounted
permanently on microscope slides using CMC-10 mounting media. ldentifications were made to
the lowest practical taxon. Taxonomic identification results are provided in Appendices C, D,
and E for grab samples, HDs, and sweeps, respectively.
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3.3.1 Benthic Community Metric Descriptions

Multiple benthic community metrics were calculated for this assessment in accordance with
EPA and DNRE guidance (EPA 1998, 1999, 2006°, DEQ 2008). Each metric provides an
approach to assess the condition of the benthic community. As discussed above, a primary
difference between the EPA and DNRE approaches is that the EPA approach uses a scoring
approach that is directly tied to matched reference samples collected synoptically.
Tittabawassee River samples were compared to several reference locations within the
Chippewa River and the Tittabawassee River upstream of the Dow Dam. Conversely, the
DNRE approach compares metric results to an appropriate ecoregional reference site (DEQ
2008) within the Huron/Erie Lake Plains (HELP) ecoregion as described by Omernik (1987,
Figure 3-1).

The EPA and DNRE metrics included for the benthic community assessment of the
Tittabawassee River and reference areas are summarized in Table 3-1. Table 3-1 also presents
the calculational approach for each metric, in accordance with EPA and DNRE methods (EPA
1999, DEQ 2008). The metrics reflect a variety of community characteristics, such as richness
(i.e., diversity), community composition, tolerance (i.e., those measures showing a shift toward
pollution tolerant species, and functional feeding groups). A brief description of each metric is
provided as follows:

Richness Metrics

1 Total Number of Taxa. The total number of taxa or species found in the sample. Higher
species richness values are generally associated with higher water quality and/or habitat
conditions. This metric reflects the health of the community by measuring the variety of
taxa present.

2 Total Number of Mayfly Taxa. The total number of taxa in the order Ephemeroptera
(mayflies), which are considered pollution sensitive and are an important component of
high quality stream biota. Therefore, higher mayfly richness values are generally
associated with more favorable habitat and/or environmental conditions.

3 Total Number of Caddisfly Taxa. The total number of taxa in the order Trichoptera
(caddisflies), which like mayflies are considered relatively pollution sensitive, although
caddisflies display a wider range of tolerance and habitat selection among species. The
main constraints for large populations of caddisflies tend to be optimal habitat and
availability of appropriate food types. The number of taxa present can be a good
indicator of habitat and/or environmental conditions.

4 Total Number of Stonefly Taxa. The total number of taxa in the order Plecoptera
(stoneflies), which are one of the most pollution sensitive orders of aquatic insects. The

®EPA (2006) recommends the use of the well developed and documented Rapid Bioassessment
Protocols (RBP) multi-metric index for biotic condition for benthic macroinvertebrates (EPA 1989, 1999).
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presence of one of more taxa is often used to indicate very good habitat and/or
environmental quality.

Community Composition Metrics

5 Percent Mayfly Composition. The ratio of the number of individuals in the order
Ephemeroptera to the total number of individuals collected. The percent abundance of
mayflies in the sample may change considerably and quickly to minor environmental
disturbances.

6 Percent Caddisfly Composition. The ratio of the number of individuals in the order
Trichoptera to the total number of individuals collected. Percent abundance is strongly
related to stream size with greater proportions found in large order streams.

7 Percent Isopods, Snails, and Leeches. The ratio of the sum of the number of
individuals in the order Isopoda and classes Gastropoda and Hirudinea to the total
number of individuals collected in the sample. When compared as a combined
percentage of the invertebrate community, these three groups can give an indication of
the degree of environmental disturbance present. Isopods, snails, and leeches, typically
show a high tolerance to a variety of physical and chemical parameters and therefore,
higher percentages of these organisms are a good indicator of stream degradation
(DEQ 2008).

Tolerance Metrics

8 Percent Contribution of the Dominant Taxon. Dominance is a simple measure of
community balance, or evenness, of the distribution of individuals among the species.
Simple dominance is the percent contribution of the most numerous species. High
dominance values indicate unbalanced communities strongly dominated by one or more
numerous species.

9 Percent Surface Dependant. The ratio of the number of macroinvertebrates that obtain
oxygen via direct atmospheric exchange to the total number of individuals collected.
These organisms typically obtain oxygen at the air/water interface. A high percentage of
“surface breathers” may indicate poor water quality or areas subject to elevated
temperatures, or low or erratic flow patterns (DEQ 2008). A list of surface dependent
aquatic macroinvertebrates is included in Appendix | of DNRE (2008).

10 Hilsenhoff Biotic Index (HBI). The HBI produces a numerical value to indicate the level
of organic pollution (Hilsenhoff 1982). The HBI is calculated by multiplying the number of
individuals of each species by its assigned tolerance value, summing these products,
and dividing by the total number of individuals. On a 0 to 10 scale, tolerance values
range from intolerant (0) to tolerant (10). Tolerance index values, are mostly from
Hilsenhoff (1977, 1982, 1987, and 1998). High HBI values are indicative of potential
organic (sewage) pollution.
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Functional Feeding Group Metric and Other Relevant Metrics

11 Ratio of Filterers to Total Organisms. The ratio of filterers is a reflection of the
functional feeding group balance. Filterers are among several functional feeding groups
that might be selected, but this group is least dependent upon specific habitat type, and
therefore is the most commonly used. In addition, filterers are sensitive to pollution.

12 Abundance. Abundance is the simple counting of organisms. Greater abundance can
mean greater accessibility to a food source or it could mean the presence of high
numbers of pollution tolerant organisms. Abundance itself is not “scored” as part of the
multi-metric scoring, but it is a component of many of the metrics described above.

3.3.2 Data Organizational Approaches

Two data organizational approaches were used to present individual metric results and for the
multi-metric scoring approaches. The benthic community metric data were organized by Reach
and also by location. Generally, only one sweep per Reach was collected, so there was little
difference between the Reach and location organization of sweep data.

3.3.3 Two EPA and DNRE Multi-Metric Scoring Approaches

Two multi-metric scoring approaches were used in this benthic community study. As described
earlier in this section, the EPA approach involves the comparison of benthic community
conditions adjacent to and downstream from the MiOps facility to site-specific reference
conditions while the DNRE approach involves comparisons to the eco-regional references. The
mathematics are similar, but vary as follows:

e The EPA multi-metric index data analysis is performed by calculating a numerical value for
each metric based on the raw benthic data. Calculated values are then compared to
values derived from the reference areas. Each metric is then assigned a score according
to the comparability of calculated versus reference values (EPA 1989, 1999). Scores are
totaled and a biological condition category is assigned as described in Table 3-2. The EPA
multi-metric approach ends with a statement of biological condition relative to the percent
similarity of any location with the site-specific reference dataset. The reference area
dataset is referred to as the “Composite Reference” as it is the average of each of the six
reference locations included in the 2010 benthic study. Locations are designated as non-
impaired, slightly impaired, moderately impaired, or severely impaired based on the
percent similarity with the Composite Reference location. For example, when a location is
within approximately 20% of the site-specific reference location, the location is considered
non-impaired.

e The DNRE macroinvertebrate community multi-metric scoring approach is presented in
Table 3-3. The DNRE multi-metric data analysis is performed by calculating a
macroinvertebrate score for each sampling location based on the sum of the first nine
metrics described above in Section 3.1.1. A scale of +1, 0, -1 is used to score each
metric, therefore the scoring ranges from +9 to -9 for the macroinvertebrate community at
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a location (Table 3-3). Each metric score for an individual sampling location is compared
to the appropriate ecoregional reference site (HELP) (Figure 3-1). A final biosurvey
category describing the degree of similarity to the reference site (ranging from excellent to
poor) is given to each sampling location based on the total metric score calculated (DEQ
2008, DEQ/Creel et al. 1998). Locations are designated as being excellent, tending toward
excellent, neutral, tending toward poor, or poor using the DNRE approach based on how
the combination of nine metrics compared to the reference metrics (Table 3-3). For
example, when a location is given a score of +5 to +9, then the location is considered
excellent.

3.34 Statistical Evaluation of Comparability Between Reaches and Locations with
the Composite Reference

A statistical analysis was conducted as part of the evaluation of the multi-metric scoring results.
Specifically, an analysis of variance (ANOVA) was used to examine statistically significant
differences in the benthic community between Reaches or locations and the Composite
Reference for grab, HD, and sweep samples. The following testing approach was used:

o SigmaPlot for Windows, Version 11.0, Build 11.2.0.5 (copyright 2008, Systat Software
Inc.) was used to run the statistical analysis.

o Prior to starting the ANOVA, a Shapiro-Wilk test was performed on the data to assess the
normality of the dataset (p value = 0.05). An Equal Variance Test was then performed to
determine if the variance within each group (each of the on-site locations and the
combined reference data set) was equal (again, p value = 0.05.)

e If the data were non-normal, they were transformed to render the data more amenable to
parametric statistics. Common statistical transformations used included logarithm base 10,
natural logarithm, inverse, exponential, and square-root.

o If the data were normal and the groups possessed equal variance (at least, after
transformation, as needed), a standard ANOVA was performed. If not, a non-parametric
Kruskal-Wallis ANOVA on ranked data was performed. Statistical power was calculated
for parametric ANOVAs.

o If a statistically significant difference was identified during the ANOVA test, multiple
comparisons were performed to discern which groups were statistically different. For
parametric ANOVASs, Dunnett's Method multiple comparisons was used to compare each
group to the references. Multiple comparisons were not needed for non-parametric
Kruskal-Wallis ANOVAs on ranked data.
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4 Benthic Community Assessment Results

The benthic community assessment results are presented in this section using two different
approaches. First, average conditions within each Reach are displayed. Second, average
conditions at each sampling location are presented, and the locations sampled within SMAs are
identified. This section is organized as follows:

e Section 4.1 provides the EPA and DNRE metric results for Reaches and individual
locations, both in tabular and graphical formats. Observations about the metric results for
Reaches and locations are also provided, particularly with regard to locations where
samples were collected from within SMAs.

e Section 4.2 provides the EPA and DNRE multi-metric scoring results for Reaches and
individual Locations, both in tabular and graphical formats, and including the summary
statements of biological conditions within each Reach and individual location relative to the
site-specific references and/or ecoregional reference. The following results are
summarized:

— EPA scoring and biological condition results by Reach
— DNRE scoring and biological condition results by Reach/Location
— EPA scoring and biological condition results by Location

4.1 Metric Results By Reach and Location

Metric results are tabulated for grab samples, HDs, and sweeps in Tables 4-1a, 4-1b, and 4-1c,
respectively for Reaches and Locations. The metric results are illustrated for the Reaches in
Figures 4-1a through 4-1l and for the Locations in Figures 4-2a through 4-2I:

Richness Metrics

e Taxa Richness: Figure 4-1a (Reaches) and Figure 4-2a (Locations)
e Total Number of Mayfly Taxa: Figure 4-1b (Reaches) and Figure 4-2b (Locations)
o Total Number of Stonefly Taxa: Figure 4-1c (Reaches) and Figure 4-2c (Locations)

e Total Number of Caddisfly Taxa: Figure 4-1d (Reaches) and Figure 4-2d (Locations)

Community Composition Metrics

o Percent Mayfly Composition: Figure 4-1e (Reaches) and Figure 4-2e (Locations)
e Percent Caddisfly Composition: Figure 4-1f (Reaches) and Figure 4-2f (Locations)

e Percent Isopods, Snails, and Leeches: Figure 4-1g (Reaches) and Figure 4-2g (Locations)
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Tolerance Metrics

e Percent Dominant Taxon: Figure 4-1h (Reaches) and Figure 4-2h (Locations)
e Percent Surface Dependent: Figure 4-1i (Reaches) and Figure 4-2i (Locations)

o Hilsenhoff Biotic Index: Figure 4-1j (Reaches) and Figure 4-2j (Locations)

Functional Feeding Group Metric

o Percent Filterers: Figure 4-1k (Reaches) and Figure 4-2k (Locations)

Relevant Metric Associated With Other Metrics

e Abundance: Figure 4-1I (Reaches) and Figure 4-2I (Locations)

411 Observations Regarding EPA Metric Results by Reach

Metrics are illustrated for grabs, HDs, and sweeps on Figure 4-1a through 4-11 for the Reaches.
The graphics show the reference areas and the areas in Segments 1 and 2 and also show the
Composite Reference value ultimately used for the EPA and DNRE scoring described in
Section 4.2. As mentioned previously, Reaches A and B are located upstream/upgradient from
Dow’s MiOps facility, and therefore all graphics show Reaches A and B color-coded as
reference areas.

e The taxa richness graphic shows a few patterns that are prevalent among many of the
metric figures, regardless of whether divided into Reach or location groupings (Figure 4-
1a). Observations include the following:

— Grab sample results for the Tittabawassee River reference (TR-Ref) show higher
guality conditions than the Chippewa River reference (CR-Ref), but these
differences were not observed using the HD or sweep sampling methods. These
differences are attributable to substrate/habitat dissimilarities (e.g., lower
sediment TOC content in the Chippewa River), as discussed in Section 2.

— In the grab samples, Reach B results are very similar to the TR-Ref while the
Reach A results are very similar to the CR-Ref location. This outcome is
consistent with water flow and tributary mixing influences at these two locations,
as they exist in areas of the confluence distinctly influenced by one river or
another, as illustrated in Figure 2-3c.

— Overall, the taxa richness scores show a diverse community within the river in all
Reaches that is generally comparable with reference areas. Reach E, in
particular, shows a diverse community using all sampling methods.

e The mayfly taxa metric results are presented on Figure 4-1b. Noted observations are
below:
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— Mayflies were seen at all locations and were often abundant.

— Mayfly taxa results are generally comparable among locations, except for grab
samples in Reach | and HD samples in Reach F. These results show lower
mayfly taxa. These findings may be influenced by habitat quality.

The stonefly taxa metric results are presented on Figure 4-1c, and the number of stonefly
differ based on sampling type:

— One stonefly species (Taeniopteryx sp. ) was observed in grab and sweep
samples, and four species were observed in HD samples (Taeniopteryx sp.,
Allocapnia sp., Haploperla brevis, Acroneuria sp.).

— Suitable habitat is needed to support this species. The greater abundance of
species on HD samplers shows that flat crevice surfaces are preferred.

Caddisfly taxa were seen at all locations and were abundant (Figure 4-1d). The following
additional observations were noted:

— In grab samples, caddisfly taxa were highest at the TR-Ref and Reach E and
lowest in Reach B (RB-013+50). Similar low caddisfly richness results were also
seen at Reaches A and B for HD samples and sweeps. The dip in taxa at Reach
A and B is attributable, at least in part, to habitat differences.

The percent mayfly taxa metric results are provided on Figure 4-1e, and results show that:

— Mayflies were abundant at all locations in all sampling types.

— The highest abundance was seen in the TR-Ref location and this is at least in
part due to the higher quality habitat conditions in this area.

The percent caddisfly taxa metric results are provided on Figure 4-1f, and results indicate:

— Caddisflies were abundant at all locations in all sampling types, with some
exception noted in Reaches A and B in all sampling types.

— The highest abundance was seen in the TR-Ref location which is attributable at
least in part due to the higher quality habitat conditions in this area.

The percent isopods, snails, and leeches results are provided on Figure 4-1g. These
results show the following:

— The majority of results fall in the optimal range for all locations (i.e., <6%).

— The suboptimal range for this metric is >15%. No locations exceeded this value
for any sample type, though the Reach B sweep was just below that threshold.

The percent dominant taxon indicates if a few species dominate the community. However,
it is also important to recognize what the dominant species are. Metric results are
presented in Figure 4-1h, and tabular summaries of dominant taxa for each sample type
are provided in Tables 4-2a, 4-2b, and 4-2c for grabs, HDs, and sweeps, respectively. The
following observations were noted:
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In accordance with DNRE and EPA scoring, conditions are optimal when this
value does not exceed 16% and 20%, respectively. A degraded community shift
may be considered present if the percent dominant taxon is greater than 40%.

Sweep samples show the most balanced communities, HD samplers show the
least balanced communities.

Reaches H and | have averages of ~50% dominance, with dominant species of
the Tubificida naiad worm (Nais sp.).

TR-Ref locations have high percent dominance, but note that they are often
dominated by sensitive species (mayflies, stoneflies, and caddisflies).

e The percent surface dependent taxa metric results are provided on Figure 4-1i, and

observations include the following:

With only limited exceptions described below, all results for all sample types
were in the optimal range (less than 10%).

Only two replicates had results outside the optimal range, but even those do not
exceed a suboptimal range (greater than 23%).

The percent surface dependent species are most abundant in grab samples at
locations CR-Ref and Reach B. The Reach B location (RB-013+50) is on the
side of the river most influenced by the Chippewa River (Figure 2-3c). Two of the
three replicates at this location and all three replicates at the CR-Ref location
were within normal ranges for this metric.

e The HBI metric results are provided on Figure 4-1j, and the results indicate:

The HBI scores were generally comparable among locations and sample types,
with a potential exception being the HD samples.

In the HD samples, the TR-Ref had the lowest values, and therefore, the highest
guality condition. All other locations in the CR-Ref and Segment 1 had higher
HBI values than the TR-Ref location. Reaches H and | had the highest HD HBI
values but were within the range seen in the CR-Ref and Reaches A and B.

The HBI scale is from 0 to 10, with 10 reflecting degraded conditions, such as
those related to municipal sewage treatment. Values in the intermediate range
seen at all locations do not suggest degraded conditions and does not point to
any particular degradation patterns.

e The percent filterers metric results (Figure 4-1k) show the following:

The percent filterers are comparable among locations except that Reaches A
and B show the lowest values in both grab and sweep samples. These results
are consistent with the higher percent of surface dependent species at these
locations. Habitat constraints and/or the presence of stormwater outfalls in the
vicinity of these locations could influence these benthic community results.

e The abundance metric is a simple count of the number of organisms at each location. This
metric alone does not indicate whether conditions are good or degraded unless high
numbers of pollution tolerant species are seen. Figure 4-1l illustrates that:
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— Reaches H and | have some of the highest abundance with Hester Dendy
samples, and these samples were dominated by the tolerant midge
(Rheotanytarsus sp.) and the worm (Nais sp.).

— CR-Ref sweep results also show high abundance and Table 4-2c¢ shows that
these are dominated by amphipods and caddisflies, which are generally
considered pollution sensitive. Reach E grabs show the highest abundance of
this sample type and they were dominated by caddisflies, midge, and naiad
worms, which are both pollution sensitive and pollution tolerant (Table 4-2a).

4.1.2 Observations Regarding EPA Metric Results by Location

Figures 4-2a through 4-2I provide the same metrics just discussed in detail above for Reaches,
with the difference being that each location, including those within SMAs, is identified. These
metric results are not discussed in detail here because a review of the graphics shows that
most, if not all, of the observations made for the Reaches applies to the locations as well. The
most notable observation with regard to the SMAs that can be made is that it does not appear
that the results from locations within SMAs are substantively different than other areas.

4.2 Multi-Metric Scoring Results and Biological Condition Statements

This section presents the EPA and DNRE multi-metric scoring results for Reaches and
individual Locations, both in tabular and graphical formats, including the summary statement of
biological condition (i.e., impairment status) for each Reach and individual location relative to
the site-specific references and the ecoregional reference. The following information is
presented:

e EPA scoring and biological condition results by Reach

— Figures 4-3a and 4-3b for grabs (based on Tables 4-3a and 4-3b)
— Figures 4-4a and 4-4b for HDs (based on Tables 4-4a and 4-4b)
— Figures 4-5a and 4-5b for sweeps (based on Tables 4-5a and 4-5b)

— This analysis also includes the results of the statistical analysis for Reaches
compared to the Composite reference. The full details of the statistical evaluation
for Reaches are provided in Appendix F. Each of the series of figures (4-3 and 4-
4) provide the results of a statistical evaluation by the identification of statistical
groupings.

 DNRE scoring and biological condition results by Reach

— Figures 4-6a and 4-6b for sweeps (based on Tables 4-6a and 4-6b)

e« EPA scoring and biological condition results by locations, including locations sampled
within SMAs

— Figures 4-7a and 4-7b for grabs (also based on location scoring provided with
Reach scoring in Tables 4-3a and 4-3b)
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— Figures 4-8a and 4-8b for HDs (also based on location scoring provided with
Reach scoring in Tables 4-4a and 4-4b)

— Figures 4-9a and 4-9b for sweeps (based on Tables 4-5a and 4-5b)

— This analysis also includes consideration of habitat scores relative to the
biological condition scoring (Figures 4-7b, 4-8b, and 4-9b), and all of the Figure
4-7, 4-8, and 4-9 series provide the results of a statistical evaluation of the
locations compared to the Composite Reference. The full details of the statistical
evaluation for the locations are provided in Appendix G.

The remainder of this section provides observations regarding the EPA and DNRE multi-metric
scoring and statements of biological condition. The metrics most related to the overall
understanding of biological condition are discussed and the statistical evaluation results are
identified.

42.1 Observations Regarding EPA Biological Condition Results for Reaches

Biological condition results using the EPA approach for Reaches are provided in a series of
tables and figures, as follows:

e The collective information for grab sampling shows that the biological condition ranges
from non-impaired (Composite Reference, TR-Ref, Reach B, Reach E, Reach K, and
Reach M) to slightly impaired (CR-Ref, Reach H, and Reach I) (Table 4-3b). Other
Reaches show results that are scored as “non- to slightly impaired” (Reaches F and G).
The metrics that contribute to the differences in scoring are primarily related to mayfly,
stonefly, and caddisfly, as well as the percent filterers (Figure 4-3a). As indicated in
Figures 4-3a and 4-3b, however, there are no statistically significant differences for
Reaches E through M compared to the Composite Reference.

e The collective HD sampling results show that the biological condition ranges from non-
impaired (Composite Reference, TR-Ref, CR-Ref, Reach E, Reach G, and Reach M) to
slightly impaired (Reach A/B, Reach F, and Reach ) (Table 4-4b). Other Reaches show
results that are scored as non- to slightly impaired (Reaches H and K). The same metrics
that influenced the scoring of the grabs also influenced the scoring of the HDs, with the
exception that the stoneflies were more abundant on HDs because they provide a better
habitat. Similar to the grab results, as indicated in Figures 4-4a and 4-4b, no statistically
significant differences were observed for Reaches E through M compared to the
Composite Reference.

e The collective information for sweeps shows that the biological condition is hon-impaired
at all Reaches, with an exception of slight impairment at Reach A/B and non- to slightly
impairment at Reach | (Figures 4-5a and 4-5b, Table 4-5b). Mayfly, stonefly and filterer
metrics were scored much lower at Reaches A/B than any other Reach.

4.2.2 Observations Regarding DNRE Biological Condition Results for Reaches

Biological condition results using the DNRE approach for Reaches are provided on Figures 4-
6a and 4-6b for sweeps.
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This collective information shows that the biological condition ranges from “excellent” (TR-

Ref, CR-Ref, Reaches F, H, K, and M) to tending toward excellent (Reaches A/B, E, G,

and I).

Observations Regarding EPA Biological Condition Results for Locations

Biological condition results using the EPA approach for locations are similar to those for the
Reaches, and therefore, only those notable locations that influence the Reach results are
mentioned specifically. Location-specific scoring is provided in Tables 4-3a, 4-4a, and 4-5a for
grabs, HDs, and sweeps, respectively. Scoring results are summarized in Tables 4-3b, 4-4b,
and 4-5b accordingly. The results are graphically illustrated in Figures 4-7a and 4-7b for grabs,
in Figures 4-8a and 4-8b for HDs, and in Figures 4-9a and 4-9b for sweeps. The results of the
statistical analyses are also provided in the figures for grabs and HDs. The following
observations were noted:

For grab samples (Table 4-3b, Figure 4-7a and 4-7b), the most impaired location was in
Reach B (location RB-013+50). Figure 4-7b shows that this location had one of the lower
habitat scores, but habitat conditions alone may not be the only cause of the differences
because other locations scored similarly. There are stormwater outfalls just upstream from
Reach B. It is possible that contributions from the outfalls may also contribute to the
community condition. Both locations in Reach | are designated as slightly impaired. The
location RE-062+00 within the SMA was scored as non-impaired. There were no
statistically significant differences observed between locations within Reaches E through
M compared to the Composite Reference. The collection of samples within SMAs (albeit
only two) did not appear to influence the results.

For HD samples (Table 4-4b, Figure 4-8a and 4-8b), the most impaired location was in
Reach | (location RI-164+50). Figure 4-8b shows that this location had one of the lower
habitat scores (and lower multi-metric scores for the grab samples). Three HDs were
placed within Reach | and the scoring ranged from non-impaired to moderately impaired.
Location RI-164+50 did show a statistically significant difference compared to the
Composite Reference. This location was dominated by a pollution tolerant worm and had
several metrics showing low results. In addition, location RH-150+00 also showed a
statistically significant difference when compared to the Composite Reference. This
location is in SMA6 where ethyl parathion has previously been detected at elevated
concentrations. No other locations showed statistically significant differences compared to
the Composite Reference. Overall, the collection of HD samples within SMAs did not
appear to influence the results.

The sweep samples (Table 4-5b, Figure 4-9a and 4-9b) showed very similar results as
those already mentioned for the Reaches. One sweep location was located within an SMA
(Location RE-062+00), and this location scored non-impaired (Table 4-5b).
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5 Summary and Conclusions

The primary objective of the 2010 benthic community study was to provide an approach for
evaluating the condition of the benthic community in the Tittabawassee River using standard
EPA and DNRE sampling methods, assessment protocols, and analysis procedures. The
objective was accomplished by:

e Sampling 21 locations from 9 Reaches including reference stations located in the
upstream Tittabawassee River, upstream Chippewa River, and below the
Tittabawassee/Chippewa confluence and upstream from Dow’s MiOps facility.

e Collecting and analyzing data from 167 discrete benthic community samples using three
sampling methods (grabs, HDs, and sweeps).

o Systematically evaluating river habitat characteristics, water quality measurements, and
sediment substrate characteristics.

e Providing a detailed account of the sampling and data analysis methods used to conduct
the study including the use of EPA and DNRE multi-metric assessment approaches.

The sampling design and standard methods utilized in this study provided an opportunity to
objectively compare and evaluate potential spatial trends in benthic community structure and
condition for locations upstream and downstream from Dow’s MiOps facility in Midland,
Michigan. Data were compared using a site-specific reference approach consistent with EPA
methods and the eco-regional reference approach consistent with DNRE methods. The
standardized, multi-metric approaches utilized in this study allowed for analysis of potential
relationships between community structure metrics, habitat factors, and chemical stressors
through the location-specific analysis of data, including consideration of results for samples
collected within and near SMAs. The results of these analyses are summarized below:

e Results of this study demonstrated the value of the multi-metric and multi-reference
approach, and generally indicated that benthic communities adjacent to and downstream
from Dow’s MiOps facility (down to Reach M) were robust (diverse, abundant) and not
significantly different from reference conditions. The benthic community assessment multi-
metric scoring results that support the conclusions of robust communities on a Reach-wide
basis are summarized in Table 5-1 for each of the multi-metric scoring approaches (EPA
and DNRE) and sampling methods (grabs, HDs, and sweeps), and are summarized as
follows:

— Conditions in Reaches E though M, when compared to the DNRE ecoregional
reference approach, scored from excellent to tending toward excellent.

— Conditions in Reaches E though M, when compared to reference areas using the
EPA approach, scored from non-impaired to slightly impaired, depending on the
Reach and sampling type.

— Statistical testing on a Reach basis did not identify any significant differences in
benthic community structure between reference conditions and Reaches E
through M.
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Aside from the Reach-based approach, statistical analysis of the dataset conducted on a per-
sampling station (location) basis indicated that significant differences in benthic community
structure metrics were observed for two locations where the potential localized effects of
chemical contaminants and/or stormwater sources is possible.

e One location was in Reach H (RH-150+00), which is a station that was located within an
SMA (SMA 6).

e The second location was in Reach | (RI-164+50),which had one of the lowest habitat
characterization scores. This station was also represented by proportionally more
pollution-tolerant species (i.e., tubificid worms). This location exhibited slightly higher
scores for the HBI, suggesting potential organic (i.e., nutrient) enrichment.

Results from this study further suggested that some limitations to benthic community structure
(both within Segment 1 and at reference sites) appear to be due to watershed-related, non-
contaminant habitat factors (e.g., preponderance of sandy sediments, limited coarse substrates
and woody debris, relatively low organic carbon sediments). This conclusion does not apply to
all locations, as small and isolated areas of relatively high-quality benthic habitat were observed
in virtually all reaches studied. Nevertheless, the conclusion that habitat limitation is a key factor
affecting the organization of benthic communities in the Tittabawassee River is supported by
the habitat characterization data and extensive observations made during this study.

The 2010 benthic community assessment results also show that community structure/condition
in the Reaches evaluated in this study is consistent with that observed in other similar-sized
rivers in this region of Michigan. This evaluation is provided in Figures 5-1 and 5-2 and is
summarized below:

e Figure 5-1 shows the macroinvertebrate community ratings for Michigan wadeable and
non-wadeable rivers for data collected between 2002 and 2007. There are some results
for the Tittabawassee River, but not for Segments 1 and 2 or the reference locations
included in the 2010 benthic community assessment. There are two locations near the
Reach A location and upstream from the Chippewa Reference location. As shown on
Figure 5-1, the results were reported as good to excellent.

e Figure 5-2 overlays the 2010 benthic study results with DNRE macroinvertebrate scoring
for other rivers in Michigan. The results are presented along a continuum of
macroinvertebrate scoring and habitat scoring. Blue circles show the 2010 results, gray
circles show the DNRE dataset. The 2010 results fall within the marginal to excellent
habitat ranges and the neutral to excellent macroinvertebrate ranges.

e EPA scoring was normalized to the DNRE scoring so that these data could also be
compared to other similar-sized rivers in Michigan. Results for grabs, HDs, and sweeps
were also within ranges of marginal to excellent habitat and neutral to excellent benthic
community scores. For each sample type, lower macroinvertebrate scores were generally
related to lower habitat scores.
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A final objective of the 2010 study was to use information gained during the study to inform
future benthic community assessment studies, if such studies are deemed necessary. Several
key observations should inform future sampling efforts, should such sampling be undertaken:

e September is an appropriate timeframe for sampling the benthic community. Water levels
are relatively low compared to spring, and therefore, more wadeable habitat is available
for sampling. Wadeable habitat allows for sampling methods that more fully characterize
the community than non-wadeable methods.

e Wadeable habitat characterization on a 200-point scale also allows comparability to the
DNRE dataset. Non-wadeable habitat characterization on a 100-point scale allows
comparability to a much smaller DNRE dataset.

e« HD sampling and grab sampling results were comparable but showed some differences
that make future use of both approaches valuable. Replicates are easier to obtain with HD
samplers, and they show less variability than some of the grabs (which gives greater
statistical strength in evaluations). In the future, however, only three replicate HD samplers
may be warranted instead of the five used in the benthic community study. Further
evaluation of the available data will provide greater insight into this issue.

o Coordination with and understanding of the water releases from the Sanford dam are
critically important, both in terms of safety in the river as well as the ease and accuracy of
sample collection. For example, water is not released on the weekend, and therefore,
Monday morning water levels are at their lowest. Placement of HDs needs to account for
the lowest water levels. Also, timing of sampling at lower flow conditions allows greater
access to more suitable habitat conditions.

In summary, this benthic community study was successfully implemented, produced a
technically strong and useful dataset, and numerous lessons were learned. The study sampling
methodologies worked well. A wide range of habitat conditions were encountered and sampled.
Suitable reference areas were identified, and the Composite Reference approach was shown to
be a robust way to integrate results from numerous reference locations. While the results of this
benthic community study are robust, it is recognized this assessment was only one sampling
effort. The data collected during the benthic community study support the conclusion that the
benthic community in Reaches E through M is diverse, abundant, and comparable to
Composite Reference locations with two exceptions (as noted above for specific localized areas
within Reaches H and I, which are either related to an indentified SMA or ongoing stormwater
discharges). Benthic community structure/condition at most locations was very comparable to
(not different from) the Composite Reference conditions, even in most samples collected from
within Segment 1 SMAs. Sampling results and observations from this benthic community study
suggest that non-chemical habitat limitations (i.e., relative lack of structure and coarse
particulate organic matter) influence the benthic community in Segments 1 and 2. In conclusion,
results from this benthic community study indicate that the structure/condition of benthic
communities within Segments 1 and 2 of the Tittabawassee River (down to Reach M) is
comparatively similar to that observed at site-specific reference stations, as reflected by the
Composite Reference, and consistent with eco-regional reference conditions.
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The 2010 benthic community assessment documents conditions in the
Tittabawassee River using Environmental Protection Agency (EPA ) and
Department of Natural Resources and Environment (DNRE) methods
u?gi:g;:ssessment of Non-Wadeable Rivers in using a sediment quality triad (SQT)-type approach (EPA 1999, 2006,
DEQ! 2008 , Wilhelm et al. 2005, DEQ/Creel et al. 1998, EPA 2002). An
SQT is an integration of multiple lines of evidence related to chemistry,
toxicology, and biological community assessment (EPA 2002).
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Three benthic community sampling types were used:
» Sediment grab samples were collected using a Surber sampler

» Hester-Dendy artificial substrate samplers were used, attached to rebar and
secured as close to the sediment surface as possible to remain suspended
without getting adversely affected from mud deposition

» Qualitative, multi-habitat sweep-net samples were collected using a D-frame
net

The following number of samplers that were deployed, retrieved, and samples collected
were:

e Grab samples
— 19 locations from 9 Reaches + TR and CR reference
—  3replicates per location
— 57 discrete samples
e Hester-Dendy artificial substrates (HDs)
— 21 locations from 9 Reaches + TR and CR reference
—  5replicates per location
— 105 discrete samples deployed
— 96 HDs retrieved (See section 2.2 for description of HDs not recovered)
e Sweep samples
— 14 locations from 9 Reaches + TR and CR reference
— 14 discrete samples

TR — Tittabawassee River
CR — Chippewa River
HD — Hester-Dendy
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Ecoregion:

E Eastern Corn Belt Plains

E Huron/Erie Lake Plains

E North Central Hardwood Forests

E Northern Lakes and Forests

E Southern Michigan/Northern Indiana Drift Plains

Michigan Department of Natural Resources and
Environment is based on a comparison of metrics to
the appropriate ecoregion, as defined in Omernik 1987
(DNRE 2008, DEQ/Creel et al. 1998)

The Tittabawassee River Study Area included in the
2010 benthic community assessment are located in
the Huron/Erie Lake Plains ecoregion.

Ecoregions of the Conterminous United States: Michigan | Figure

3-1
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Reach F (1)
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Reach | (1)
Reach K (1)
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Composite Reference (6)

Composite Reference (30)

Location

B TR Sample
[ 1 Reference Sample
B Composite Reference

Notes:
¢ Number of taxa reflects community diversity;
higher values reflect higher quality conditions.

Graphing:

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Circles reflect the individual replicate result.
Note that some circles may overlap.

e Replicate counts are provided as numbers in
parentheses along the x-axis labels.

e Replicates as follows: Hester-Dendy = 5; grabs =
3, sweeps = 1.

Reference Areas:

e TR =Tittabawassee River
* CR = Chippewa River

* ReachesA&B

» Grab sample results for the TR-Ref show higher quality conditions than the CR-Ref, but these differences were not observed using the HD
or sweep sampling methods. This is due to habitat differences discussed in Section 2.

>

In the grab samples, Reach B location results are very similar to the TR-Ref while the Reach A location results are equally as similar as the

CR-Ref location. This outcome is consistent with water flow influences at these two locations, as they exist in areas of the confluence
distinctly influenced by one river or another, as illustrated in Figure 2-3c.

Overall, the taxa richness scores show a diverse community within the river in all Reaches that is generally comparable with reference

areas. Reach E, in particular, shows a diverse community using all sampling methods.

—
]

Reach Metric Results:

Taxa Richness
Benthic Community Assessment Report
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Mayfly Taxa Richness by Reach

12

10

Composite Reference (18) ——O—H °

o—e
[}

[}
[ J

TR-Ref (6) 1

CR-Ref (6) ——@——@1+—e—@

Reach A* (3) Tm——e—9—

TR-Ref (10) T———@ 4

CR-Ref (10) o @ @ @

Reach B (3) A
Reach E (6)
Reach F (6)
Reach G (6)
Reach H (9)
Reach | (6)
Reach K (3)
Reach M (3)
Composite Reference (30)

Grabs

* Reach A Grab refers to RB-013+50

ReachA(5) {—e @]

Reach B (5) T——@1

Reach E (13)
Reach F (5)
Reach G (10)
Reach H (13)
Reach | (15)
Reach K (5)
Reach M (5)

Hester-Dendy

Location

[ ]
® @
@

T T T T
AN ATNAN NN NN NN NN N
cuNIINIdIadg
YEE<OWLOI XS
SEEE56565955
sE588888528¢
ol rerrfoeled
x
9
2
g Sweeps
Q
O

B TR Sample
[ 1 Reference Sample
B Composite Reference

Notes:
e Mayflies are pollution sensitive. Higher values indicate
higher quality conditions.

Graphing:

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Circles reflect the individual replicate result. Note that
some circles may overlap.

e Replicate counts are provided as numbers in
parentheses along the x-axis labels.

e Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

e HD =Hester-Dendy

Reference Areas:

e TR = Tittabawassee River
* CR = Chippewa River

e ReachesA&B

» Mayflies were seen at all locations and were often abundant.

» Mayfly taxa results are generally comparable among locations, except for grab samples in Reach | and HD samples in Reach F. These results
show lower mayfly taxa. These findings may be influenced by habitat quality.

Reach Metric Results:
Total Number of Mayfly Taxa

Benthic Community Assessment Report
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e Stonefly Taxa Richness by Reach B TR Sample
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© ]
?é 2.5 1 Notes:
— ] e Stoneflies are pollution sensitive. Higher values
D 207 L ° indicate higher quality conditions.
E ]
1.5 .
g ] Graphing:
S5 1.0 ® ° olle @  Bars/whiskers reflect the mean and one standard
Z ] deviation for the replicates in each sample.
0.5 1 e Circles reflect the individual replicate result. Note
] that some circles may overlap.
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» One stonefly species (Taeniopteryx sp. ) was observed in grab and sweep samples and four species were observed in Hester-Dendy samples
(Taeniopteryx sp., Allocapnia sp., Haploperla brevis, Acroneuria sp.).

» Suitable habitat is needed to support this species. The greater abundance of species on Hester-Dendy samplers shows that flat crevice
surfaces are preferred.

2 Reach Metric Results: | Figure
& Total Number of Stonefly Taxa | 4-1¢
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Caddisfly Taxa Richness by Reach
12 B TR Sample
leoe [ Reference Sample
101 e o B Composite Reference

% ] ® Notes:

e 8 1 o o e Caddisflies are also considered pollution sensitive.

Y— 1 ° ® Higher values represent higher quality conditions.

S 6

8 ] D Graphing:

E 4] e Bars/whiskers reflect the mean and one standard

2 ] deviation for the replicates in each sample.

5 ] H e Circles reflect the individual replicate result. Note

1 that some circles may overlap.

o LGLIL 11 H . e Replicate counts are provided as numbers in
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* Reach A Grab refers to RB-013+50 Location

» Caddisflies were seen at all locations and were often abundant.

» In grab samples, caddisfly taxa were highest at the TR-Ref and Reach E and lowest in the RB-013+50 location. Similar low caddisfly richness
results were also seen at Reaches A and B for Hester-Dendy samples and sweeps. The dip in taxa at Reach A and B is considered due, in
part, to habitat differences.

A% Reach Metric Results: | Figure
w3y Total Number of Caddisfly Taxa | 4-1d
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» Mayflies were abundant at all locations in all sampling types.

» The highest abundance was seen in the TR reference location and this is at least in part due to the higher quality habitat conditions in this
area.

& Reach Metric Results: | Figure
- & Percent Mayfly Composition | 4-1e
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Notes:
e Caddisflies are pollution sensitive. Higher values
indicate higher quality conditions.

o e
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Graphing:
e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

Circles reflect the individual replicate result. Note
that some circles may overlap.

% Composition

Replicate counts are provided as numbers in

T
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» Caddisflies were abundant at all locations in all sampling types, with some exception noted in Reaches A and B in all sampling types.
» The highest abundance was seen in the TR reference location and this is at least in part due to the higher quality habitat conditions in this

area.
& Reach Metric Results: Figure
w3 Percent Caddisfly Composition A-1f
o5 Benthic Community Assessment Report
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% Isopods, Snails, Leeches by Reach
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The majority of results fall in the optimal range for all locations (i.e., <6%).

The suboptimal range for this metric is >15%. No locations exceed this value for any sample type, though it is noted that the Reach B
sweep is just below that threshold.

Percent Isopods, Snails, and Leeches
Benthic Community Assessment Report

Notes:

B TR Sample
[C1 Reference Sample
B Composite Reference

These 3 taxa, when compared as a combined
percentage of the invertebrate community, can give
an indication of the severity of environmental
perturbation present.

Higher values indicate lower quality conditions (<6%
is optimal).

Graphing:

Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.
Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

Circles reflect the individual replicate result. Note
that some circles may overlap.

Replicate counts are provided as numbers in
parentheses along the x-axis labels.

Reference Areas:

TR = Tittabawassee River

CR = Chippewa River
Reaches A & B

Reach Metric Results: | Figure

4-19g
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Notes:

¢ The abundance of the numerically dominant taxon
is an indication of community balance.

e Higher values indicate lower quality conditions.

Graphing:

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

e Circles reflect the individual replicate result. Note
that some circles may overlap.

* Replicate counts are provided as numbers in
parentheses along the x-axis labels.

e HD = Hester-Dendy

Reference Areas:

e TR =Tittabawassee River
* CR = Chippewa River

e ReachesA &B

Y

community shift may be considered present if the %dominant taxon > 40%.

YV VVY

m—
L]

In accordance with DNRE and EPA scoring, conditions are optimal when this value does not exceed 16% and 20%, respectively. A degraded

Sweep samples show the most balanced communities, HD samplers show the least balanced communities.

Reaches H and | have averages of ~50% dominance, with dominant species of the Tubificida niad worm (Nais sp.).

TR-Ref locations have high % dominance, but note that they are often dominated by sensitive species (mayflies, stoneflies, and caddisflies).
A listing of dominant species for each sampling type and reach is provided in Tables 4-2a, 4-2b, and 4-2c.

Reach Metric Results:

Percent Dominant Taxon
Benthic Community Assessment Report
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Notes:

e High percentages of surface dependent organisms
may indicate dissolved oxygen shifts or other
biological or chemical oxygen demanding constraints.
Significantly higher values (e.g., > 25%) may indicate
lower quality conditions or differences in habitat type.

Graphing:
e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Circles reflect the individual replicate result. Note
that some circles may overlap.

e Replicate counts are provided as numbers in
parentheses along the x-axis labels.

* Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

Reference Areas:

e TR =Tittabawassee River
* CR = Chippewa River

e ReachesA &B

Y V V

With only limited exceptions described below, all results for all sample types were seen in the optimal range (<10%).

Only two replicates had results outside the optimal range, but even those do not exceed a suboptimal range (>23%).

The percent surface dependent species are most abundant in grab samples at locations CR-Ref and Reach B. The Reach B location (RB-
013+50) is on the side of the river most influenced by the Chippewa River (Figure 2-3c). Two of the three replicates at this location and all

three replicates at the CR-Ref location were within normal ranges for this metric.

Reach Metric Results:

Percent Surface Dependent
Benthic Community Assessment Report
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Notes:

reflect lower quality conditions.

Graphing:

sweeps = 1.
that some circles may overlap.

parentheses along the x-axis labels.
e HD = Hester-Dendy

References Areas:
¢ TR =Tittabawassee River
* CR = Chippewa River

e ReachesA&B

The HBI results are generally comparable among locations and sample types, with a potential exception being the HD samples.
In the HD samples, the TR-Ref has the lowest values, and therefore, the highest quality condition. All other locations in the CR-Ref and

e HBI — Hilsenhoff biotic index provides insight into
municipal or treated wastewater shifts in
community structure. Higher values generally

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.
* Replicates as follows: Hester-Dendy = 5; grabs = 3,

e Circles reflect the individual replicate result. Note

e Replicate counts are provided as numbers in

Segment 1 scored slightly higher. Reaches H and | have the highest HD HBI values but are within the range seen in the CR-Ref and Reaches A

and B.
The HBI scale is from 0 to 10, with 10 reflecting degraded conditions, such as those related to municipal sewage treatment. Values in the

intermediate range seen at all locations does not suggest degraded conditions and do not point to any particular degradation patterns.

—
]

Reach Metric Results:

Hilsenhoff Biotic Index
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Notes:

e The ratio of filterers to total organisms provides
insight into functional feeding group composition.

e Higher values generally reflect higher quality
conditions.

Graphing:

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Circles reflect the individual replicate result. Note
that some circles may overlap.

* Replicate counts are provided as numbers in
parentheses along the x-axis labels.

* Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

References Areas:

e TR = Tittabawassee River
* CR = Chippewa River

e ReachesA&B

» The percent filterers are comparable among locations except that Reaches A and B show the lowest values in both grab and sweep
samples. These results are consistent with the higher percent of surface dependent species at these locations. It is unclear if habitat
constraints or the presence of stormwater outfalls in the vicinity of these locations are the cause of these community results.

Reach Metric Results:

Percent Filterers
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Notes: EE composite Reference
otes:

¢ Abundance is a metric that is inherently considered
as part of many other metrics (e.g., percent
dominance).

e Higher values indicate greater abundance, which
may or may not reflect higher quality conditions.

Graphing:

e Bars/whiskers reflect the mean and one standard
deviation for the replicates in each sample.

e Circles reflect the individual replicate result. Note
that some circles may overlap.

¢ Replicate counts are provided as numbers in
parentheses along the x-axis labels.

e Replicates as follows: Hester-Dendy = 5; grabs = 3,
sweeps = 1.

References Areas:

* TR =Tittabawassee River

* CR = Chippewa River

* ReachesA&B

Abundance is a simple count of organisms and this metric alone does not indicate whether conditions are good or degraded unless high
numbers of pollution tolerant species are seen.

Reaches H and | have some of the highest abundance with Hester-Dendy samples, and these samples were dominated by the tolerant
midge (Rheotanytarsus sp.) and the worm (Nais sp.).
CR-Ref sweep results also show high abundance and Table 4-2c shows that these are dominated by amphipods and caddisflies, which are
generally considered pollution sensitive. Reach E grabs show the highest abundance of this sample type and they were dominated by
caddisflies, midge, and naiad worms, which are both pollution sensitive and pollution tolerant (Table 4-2a).

Reach Metric Results:
Abundance

Figure
4-11
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Notes:

Number of taxa reflects community diversity; higher values reflect
higher quality conditions. There are no remarkable patterns within SMAs.

Graphing:

e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample.

Replicates as follows: HDs = 5; grabs = 3, sweeps = 1.
» Circles reflect the individual replicate result. Note that some circles may overlap. * CR = Chippewa River
Replicate counts are provided as numbers in parentheses along the x-axis labels. * ReachesA&B
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Grabs: Mayfly Taxa Richness
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Notes:

e Mayflies are pollution sensitive. Higher values indicate higher quality
conditions. There are no remarkable patterns within SMAs.

Graphing:

e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample.

e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1.

e Circles reflect the individual replicate result. Note that some circles may overlap.
Replicate counts are provided as numbers in parentheses along the x-axis labels.
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Location-Specific Metric Results: | Figure
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Graphing:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:
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e Circles reflect the individual replicate result. Note that some circles may overlap. * CR = Chippewa River
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Grabs: Caddisfly Taxa Richness Hester Dendy: Caddisfly Taxa Richness
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e Caddisflies are also considered pollution sensitive. Higher values represent | HIIIE TR Sample [ ] Denotes Sediment
higher quality conditions. There are no remarkable patterns within SMAs. [T Reference Sample Management Area
' [ Composite Reference
Graphing:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:
e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. e TR = Tittabawassee River
e Circles reflect the individual replicate result. Note that some circles may overlap. * CR=Chippewa River
e Replicate counts are provided as numbers in parentheses along the x-axis labels. * Reaches A &B
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Notes:
e Mayflies are pollution sensitive. Higher values indicate higher quality
conditions. There are no remarkable patterns within SMA:s.

Graphing:

Replicates as follows: HDs = 5; grabs = 3, sweeps = 1.
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Location-Specific Metric Results: | Figure
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Grabs: % Caddisfly Hester Dendy: % Caddisfly
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Graphing:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:
* Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. * TR =Tittabawassee River
e Circles reflect the individual replicate result. Note that some circles may overlap. * CR = Chippewa River
* Replicate counts are provided as numbers in parentheses along the x-axis labels. * ReachesA&B
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Grabs: % Isopods, Snails, Leeches Hester Dendy: % Isopods, Snail, Leeches
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Notes:

e These 3 taxa can give an indication of the severity of environmental B TR Sample [ ] Denotes Sediment
perturbation. Higher values may indicate lower quality conditions [T Reference Sample Management Area
(when > 25%). There are no remarkable patterns within SMAs. B Composite Reference

Graphing:

e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:

e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. * TR =Tittabawassee River

e Circles reflect the individual replicate result. Note that some circles may overlap. e CR=Chippewa River

e Replicate counts are provided as numbers in parentheses along the x-axis labels. * ReachesA&B
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w3y Percent Isopods, Snails, and Leeches | 4-2¢
== Benthic Community Assessment Report




Grabs: % Dominant Taxon Hester Dendy: % Dominant Taxon
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e There are no remarkable patterns within SMAs.
Graphing: Reference Areas:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. * TR =Tittabawassee River
e Replicates as follows: HDs =5; grabs = 3, sweeps = 1. * CR = Chippewa River
e Circles reflect the individual replicate result. Note that some circles may overlap. * ReachesA&B
B Location-Specific Metric Results: | Figure
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Grabs: % Surface Dependent Hester Dendy: % Surface Dependent
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* High percentages may indicate shifts in dissolved oxygen. B TR Sample [_] Denotes Sediment
* Higher values may indicate lower quality conditions (when > 25%). [T Reference Sample Management Area
 There are no remarkable patterns within SMAs. B Composite Reference
Graphing: Reference Areas:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. * TR =Tittabawassee River
e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. * CR=Chippewa River
e Circles reflect the individual replicate result. Note that some circles may overlap. * ReachesA &B
N Location-Specific Metric Results: | Figure
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Grabs: Hilsenhoff Biotic Index Hester Dendy: Hilsenhoff Biotic Index
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Notes:

e HBI provides insight into municipal or treated wastewater shifts in B TR Sample [_] Denotes Sediment
community structure. Higher values generally reflect lower quality [ Reference Sample Management Area
conditions. There are no remarkable patterns within SMAs. EE Composite Reference

Graphing:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:

e Circles reflect the individual replicate result. Note that some circles may overlap.

Replicates as follows: HDs = 5; grabs = 3, sweeps = 1.

e TR =Tittabawassee River
* CR = Chippewa River

Replicate counts are provided as numbers in parentheses along the x-axis labels. * ReachesA&B
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Location-Specific Metric Results: | Figure
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Benthic Community Assessment Report




Grabs: Ratio of Filterers toTotal Hester Dendy: Ratio of Filterers to Total
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Notes:

* The ratio of filterers to total organisms provides insight into functional B TR Sample [ ] Denotes Sediment
feeding group composition. Higher values generally reflect higher [ 1 Reference Sample Management Area
quality conditions. There are no remarkable patterns within SMAs. B Composite Reference

Graphing:

e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. Reference Areas:

e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. * TR =Tittabawassee River

e Circles reflect the individual replicate result. Note that some circles may overlap. * CR=Chippewa River

e Replicate counts are provided as numbers in parentheses along the x-axis labels. * ReachesA&B
2 Location-Specific Metric Results: | Figure

: Percent Filterers | 4-2k
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Notes:
 Abundance is a simple count of organisms present. Higher values may B TR Sample [ ] Denotes Sediment
or may not reflect higher quality conditions. There are no remarkable [T Reference Sample Management Area
patterns within SMAs. B Composite Reference
Graphing: Reference Areas:
e Bars/whiskers reflect the mean and one standard deviation for the replicates in each sample. e TR = Tittabawassee River
e Replicates as follows: HDs = 5; grabs = 3, sweeps = 1. e CR = Chippewa River
e Circles reflect the individual replicate result. Note that some circles may overlap. e Reaches A & B
o Location-Specific Metric Results: | Figure
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Metric Score

Multi-Metric Scoring for Grab Samples
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Notes:

¢ This graphic presents the EPA multi-metric
scoring, with detailed insight into the specific
metrics that are the basis of the composite
reference and how each Reach compares to
that composite reference.

e Statistical Group:

> “A” denotes locations that are
statistically similar to the composite
reference.

» -- denotes statistical comparison not
conducted.

» Results show that there are no
statistically significant differences
between the Reaches and the
composite reference.

* Reach A refers to RB-013+50

I Ratio of Filterers/Total
[ Hilsenhoff Biotic Index
1 % Surface Dependent
1 % Isopods, Snails, Leeches
B % Dominant Taxon
1 % Caddisfly Composition
B % Mayfly Composition
[ Caddisfly Taxa Richness
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1 Mayfly Taxa Richness
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EPA Multi-Metric Scoring for Grab Compared to Composite Reference: | Figure
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Biological Condition Score for Grab Samples
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Statistical Group: A — — — —

A A A A A A A

EPA Impairment Status
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Non (>83%)
=== Slight (55-79%)
= = Moderate (21-50%)
= Severe (<18%)

BN TR Sample
[ 1 Reference Sample
EE Composite Reference

* Reach A refers to RB-013+50

Notes:

This graphic reflects the same scoring data as Figure 4-3a,
showing the EPA multi-metric scoring for each Reach for Grab
samples.

Scoring ranges that reflect the impairment status designations
are illustrated by the horizontal lines and defined as follows in
comparison to the composite reference:

» Non = non-impaired

» Slight =slight impairment

» Moderate = moderate impairment

» Severe = severe impairment
These grab sample results show that most Reaches are
considered non-impaired. Two Reaches (H and I) are
considered slightly impaired based on the percent similarity
with the composite reference.
Statistical testing shows that Reaches E-M are not statistically
different than the composite reference.
The scoring for two references (CR-Ref and Reach RB-013+50)
also show some impairment.

Graphing:

Bars/whiskers reflect the mean and one standard deviation for
the replicates in each sample.

Replicates as follows: Hester-Dendy = 5; grabs = 3, sweeps = 1.
Circles reflect the individual replicate result. Note that some
circles may overlap.

Replicate counts are provided as numbers in parentheses along
the x-axis labels.

Statistical Group: A denotes location similar to the composite
reference, - denotes statistical comparison not conducted.

EPA Biological Condition Status for Grab Samples: | Figure

Reaches | 4-3p
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Multi-Metric Scoring for Hester Dendy Samples
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Notes:

¢ This graphic presents the EPA multi-metric

scoring, with detailed insight into the specific

metrics that are the basis of the composite
reference and how each Reach compares to

that composite reference.

e Statistical Group:

» “A” denotes locations that are
statistically similar to the composite

reference.

» -- denotes statistical comparison not

conducted.

> Results show that there are no
statistically significant differences
between the Reaches and the

composite reference.
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Notes:

This graphic reflects the same scoring data as Figure 4-4a,
showing the EPA multi-metric scoring for each Reach for Hester-
Dendy samples.

Scoring ranges that reflect the impairment status designations
are illustrated by the horizontal lines and defined as follows in
comparison to the composite reference:

» Non = non-impaired

» Slight =slight impairment

» Moderate = moderate impairment

» Severe = severe impairment
These grab sample results show that most Reaches are
considered non-impaired. Two Reaches (F and I) are considered
slightly impaired based on the percent similarity with the
composite reference.
Statistical testing shows that Reaches E-M are not statistically
different than the composite reference.

The scoring for reference Reach B shows some slight impairment.

Graphing:

EPA Biological Condition Status for Hester Dendy Samples: | Figure

Bars/whiskers reflect the mean and one standard deviation for
the replicates in each sample.

Replicates as follows: Hester-Dendy = 5; grabs = 3, sweeps = 1.
Circles reflect the individual replicate result. Note that some
circles may overlap.

Replicate counts are provided as numbers in parentheses along
the x-axis labels.

Statistical Group: A denotes location similar to the composite
reference, - denotes statistical comparison not conducted.

Reaches 4-4b
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Notes:

Metric Score

Multi-Metric Scoring for Sweep Samples

¢ This graphic presents the EPA multi-metric
scoring for sweeps, with detailed insight into
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the specific metrics that are the basis of the
composite reference and how each Reach
compares to that composite reference.

¢ Statistical testing was not conducted for
sweeps because the majority of samples are
comprised of a single sample.
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EPA Multi-Metric Scoring for Sweeps Compared to Composite Reference: | Figure
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Notes:

BIOIOglcaI Condltlon Score fOr e This graphic reflects the same scoring data as Figure 4-5a,
Sweep Samples showing the EPA multi-metric scoring for each Reach for Sweep
140 - samples.
8 ! e Scoring ranges that reflect the impairment status designations
c 1207 i o are illustrated by the horizontal lines and defined as follows in
o ] . comparison to the composite reference:
% 100 1 > Non = non-impaired
o ] » Slight =slight impairment
o 804 » Moderate = moderate impairment
Q ]
87, > Severe = severe impairment
: .
8_ 60 e These sweep sample results show that Reaches E- M are
c = N g I g B considered non-impaired.
8 40 1 * The scoring for reference Reaches A and B shows some
q6 -- N IS B R B B . Impalrment.
o 20
e 1 .
] Graphing:
0 o Tt 1 e Bars/whiskers reflect the mean and one standard deviation for
e g8 g8 £ 2 & 2 2 2 2 2 <2 the replicates in each sample.
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r X o 5 § § § s S c:% 5 5 e Replicates as follows: Hester-Dendy = 5; grabs = 3, sweeps = 1.
g E 5 8§ 8§ 8§ 8 § § e 8 9 * Circles reflect the individual replicate result. Note that some
@ ¥r o o ¢ g o ¥ o .
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§ e Replicate counts are provided as numbers in parentheses along
. the x-axis labels.
Location EPA Impairment Status
Thresholds (a)
Non (>83%)
BN TR Sample _ .
[ Reference Sample = Slight (55-79%)
B Composite Reference = = Moderate (21-50%)

= Seoyere (<]_8%) —
2% EPA Biological Condition Status for Sweep Samples: | Figure
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Notes:

10 ¢ This graphic presents the DNRE multi-metric

ecoregional reference.

a1
1

a single sample.

DNRE Metric Score!

1Total Possible
Metric Score =9

-10

CR-Ref

TR-Ref
Reach A -
Reach B -
Reach E -
Reach F
Reach G -
Reach H
Reach |
Reach K -
Reach M -+

1 % Surface Dependent
1 % Isopod, Snail, Leech
1 % Dominance

B % Caddisfly

EEE % Mayfly

B Stonefly Taxa Richness

. [ Caddisfly Taxa Richness
Reach Location [ Mayfly Taxa Richness

Ecoregion Reference -

I Taxa Richness

-
o

DNRE Multi-Metric Scoring for Sweeps Compared to Ecoregional Reference:

Reaches
= Benthic Community Assessment Report

-]

scoring for sweeps, with detailed insight into the
specific metrics that are the basis of the composite
reference and how each Reach compares to that

¢ Statistical testing was not conducted for sweeps
] because the majority of samples are comprised of

Figure
4-6a
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DNRE Biological Condition for Sweep Samples| "
* This graphic reflects the same data as Figure
10 4-6a.
8 1 8 <> e Scoring ranges that reflect biological
1 condition scoring relative to the Huron/Erie
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5 2 e These sweep scoring results show that the
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Notes:

Multi-Metric Scoring for Grab Samples

¢ This graphic presents the EPA multi-metric
scoring, with detailed insight into the
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Statistical Group:

> Composite Ref. (18)
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TR-Ref-02 (3)
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Denotes Sediment
Management Area

RB-013-00 (3)
| RE-062-00 (3) |
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RH-142-00 (3)
RH-143-00 (3)

Location

A A A A A A A

|RH-151-50 (3) |

RI-166-00 (3)
RI-169-50 (3)

specific metrics that are the basis of the
composite reference and how each
location compares to that composite
reference.

e Statistical Group:

> “A” denotes locations that are
statistically similar to the
— composite reference.

= » -- denotes statistical comparison
not conducted.

» Results show that there are no
statistically significant differences
between the locations and the
composite reference.

IE Ratio of Filterers/Total
[ Hilsenhoff Biotic Index
1 % Surface Dependent
1 % Isopods, Snails, Leeches
B % Dominant Taxon

1 % Caddisfly Composition
B % Mayfly Composition
[ Caddisfly Taxa Richness

RK-201-00 (3)
RM-285-00 (3)

>
>

EPA Multi-Metric Scoring for Grabs Compared to Composite Reference: | Figure
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Grab: Biological Condition vs Habitat
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Notes:

This graphic reflects the same scoring data as Figure 4-7a,
showing the EPA multi-metric scoring for each location for
Grab samples. This graphic also shows the habitat scoring for
each location.

Scoring ranges that reflect the impairment status
designations are illustrated by the horizontal lines and
defined as follows in comparison to the composite reference:

» Non = non-impaired

» Slight = slight impairment

» Moderate = moderate impairment

» Severe = severe impairment
These grab sample results show that most locations are
considered non-impaired or slightly impaired. Location RI-
166+00 scored the lowest in comparison to the composite
reference and in the habitat scoring.
Statistical testing shows that locations in Reaches E-M are
not statistically different than the composite reference.
The scoring for two references (CR-Ref-02 and Reach RB-
013+50) also show some impairment.

Graphing:

EPA Biological Condition and Habitat Score for Grab Samples: | Figure

Bars/whiskers reflect the mean and one standard deviation
for the replicates in each sample.

Replicates as follows: HD = 5; grabs = 3, sweeps = 1.

Circles reflect the individual replicate result. Note that some
circles may overlap.

Replicate counts are provided as numbers in parentheses
along the x-axis labels.

Statistical Group: A denotes location similar to the composite
reference, - denotes statistical comparison not conducted.

Location-Specific | 4-7p
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Notes:

Multi-Metric Scoring for Hester Dendy Samples| * This graphic presents the EPA multi-metric

scoring, with detailed insight into the specific

70 1 metrics that are the basis of the composite
] reference and how each location compares to
60 — that composite reference.

e Statistical Group:

8 50 _ » “A” denotes locations that are
o ] I statistically similar to the composite
(% 40 - I I I reference.
&) BEm - — - » -- denotes statistical comparison not
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L — U =~ . T - — o . » Results show that there are no
= 20 1 N — ] i = | statistically significant differences
] I I I l l = [ between the locations and the
10 composite reference, with exception
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Hester Dendy: Biological Condition vs Habitat
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Notes:

This graphic reflects the same scoring data as Figure 4-8a,
showing the EPA multi-metric scoring for each location for
Hester-Dendy (HD) samples. This graphic also shows the
habitat scoring for each location.

Scoring ranges that reflect the impairment status
designations are illustrated by the horizontal lines and
defined as follows in comparison to the composite
reference:

» Non = non-impaired

» Slight = slight impairment

» Moderate = moderate impairment

» Severe = severe impairment

These HD sample results show that many locations are
considered non-impaired and several are considered
slightly impaired. Location RI-164+50 scored the lowest in
comparison to the composite reference and was among
the lowest in the habitat scoring.

Statistical testing shows that locations in Reaches E-M are
not statistically different than the composite reference,
with the exception of RH-150+00 and RI-164+50, each of
which show a statistically significant difference.

Graphing:

2 EPA Biological Condition and Habitat Score for Hester Dendy Samples:

Benthic Community Assessment Report

Bars/whiskers reflect the mean and one standard deviation
for the replicates in each sample.

Replicates as follows: HD = 5; grabs = 3, sweeps = 1.

Replicate counts are provided as numbers in parentheses
along the x-axis labels.

Statistical Group: A denotes location similar to the
composite reference, - denotes statistical comparison not

Figure

Location-Specific | 4-8b




Notes:

Metric Score

Multi-Metric Scoring for Sweep Samples
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EPA Multi-Metric Scoring for Sweeps Compared to Composite Reference: | Figure
Location-Specific | 4-9a
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[ Mayfly Taxa Richness
B Taxa Richness

¢ This graphic presents the EPA multi-metric
scoring, with detailed insight into the specific
metrics that are the basis of the composite
reference and how each sweep location
compares to the composite reference.

e Statistical testing cannot be conducted for




Sweeps: Biological Condition vs Habitat
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Benthic Community Assessment Report

This graphic reflects the same scoring data as Figure 4-9a,
showing the EPA multi-metric scoring for each location for
sweep samples. This graphic also shows the habitat
scoring for each location.

Scoring ranges that reflect the impairment status
designations are illustrated by the horizontal lines and
defined as follows in comparison to the composite
reference:

» Non = non-impaired

» Slight = slight impairment

» Moderate = moderate impairment

» Severe = severe impairment
These sweep sample results show that all locations within
Reaches E through M are non-impaired.
References in Reaches A and B show some impairment and
also had among the lowest habitat scores.

Location-Specific | 4-9p




Notes:

* MDNRE biological monitoring results are available for
rivers in Michigan. There are some results for the
Tittabawassee River, but not for Segments 1 and 2 or
the reference locations included in the 2010 benthic
community assessment.

e The available results for the Tittabawassee River are
near the confluence with the Saginaw River and
conditions were rated as acceptable and poor.
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Macroinvertebrate Score
(Creel et al. 1998)

Relationship between Habitat Quality and
Benthic Community Quality

Poor Marginal Good Excellent
10
©c o CA
8 0o @) 00000
] Excellent
6 -
4 - Tending
toward
2 Excellent
0 o QaOO Neutral
S S-co-co-Eo-ope—a—o0-6 _
-2 O | ooocoo o0glo © (<o) Tending
® g 0 @O o © o toward
-4 A O 00D 00O ® O ® Poor
-6 (oX¢) c O| ©
o
54 Poor
-10 T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
Total Habitat Score
O Data provided by MDEQ (Goodwin 2008)
O Benthic Community Assessment (Sweeps: DNRE approach)
B Benthic Community Assessment (Grabs: DNRE/USEPA approach)
B Benthic Community Assessment (HD: DNRE/USEPA approach)
B Benthic Community Assessment (Sweeps: DNRE/USEP approach)
A Reference Areas

Relationship between Habitat Quality and Macroinvertebrate Community
Quality in Wadeable Streams, Saginaw Bay Basin

Notes:

This graphic overlays the 2010 benthic
community assessment results with the the
DNRE macroinvertebrate scoring for other
rivers in Michigan.

The results are presented along a continuum
of macroinvertebrate scoring and habitat
scoring. Blue circles show the 2010 results,
gray circles show the DNRE dataset. The 2010
results fall within the marginal to excellent
habitat ranges and the neutral to excellent
macroinvertebrate ranges.

EPA scoring was normalized to the DNRE
scoring so that these data could also be
compared to other rivers in Michigan. Results
for grabs, Hester-Dendy samples, and sweeps
were also within ranges of marginal to
excellent habitat and neutral to excellent
benthic community scores.

For each sample type, lower
macroinvertebrate scores were generally
related to lower habitat scores.

Figure
5-2

Benthic Community Assessment Report



Benthic Community Study Report

Tables




and Dates Sampled

Table 2-1a. Summary of Benthic Community Assessment Samples Collected, Sample Locations,

. Date Grab Samples TOC/Grain Habitat Water Flow
Location . Sweep . Assessment .
Collected (3 replicates) Size Quality Measured
Completed

TR-Ref-01 9/30/2010 X X X X X X
TR-Ref-02 9/29/2010 X X X X X X
CR-Ref-01 9/29/2010 X X X X X X
CR-Ref-02 9/29/2010 X X X X X X
RA-Ref-01 9/29/2010 - X X X X X
RA-Ref-02 9/29/2010 X - - - - -
RB-013+00 10/1/2010 X X X X X X
RE-062+00 9/30/2010 X X X X X X
RE-077+50 9/30/2010 X X X X X X
RF-085+00 9/30/2010 X X X X X X
RF-090+00 9/30/2010 X - X - - -
RG-128+50 9/30/2010 X - X X X X
RG-140+00 10/1/2010 X X X X X X
RH-142+00% 9/28/2010 X - - X X X
RH-143+00° 9/28/2010 X - X X X X
RH-151+50° 10/1/2010 X - X X X X
RH-153+50" 10/1/2010 - X - X X X
RI-166+00 10/1/2010 X - X - - -
RI-169+50 10/1/2010 X X X X X X
RK-201+00 10/1/2010 X X X X X X
RM-285+00 10/1/2010 X X X X X X

(@) Habitat assessment, water quality and flow measured were combined for these two samples
(b) Habitat assessment, water quality and flow measured were combined for these two samples

TOC: total organic carbon
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Table 2-1b. Summary of Hester Dendy Deployment and Retreival

Deployment Hester Dendys Placed/Retrieved Retrieval

Location Date A B C D E Date
TR-Ref-01 9/30/2010 XIX XIX XIX XIX XIX 10/27/2010
TR-Ref-02 9/29/2010 XIX XIX XIX XIX XIX 10/27/2010
CR-Ref-01 9/29/2010 XIX XIX XIX XIX XIX 10/27/2010
CR-Ref-02 9/29/2010 XIX XIX X/IX XIX XIX 10/27/2010
RA-003+50 9/29/2010 XIX XIX XIX XIX XIX 10/27/2010
RB-012+50 9/29/2010 XIX XIX XIX X/IX XIX 10/27/2010
RE-061+00 9/28/2010 XIX XIX XIX XIX XIX 10/29/2010
RE-062+00 9/28/2010 XIX XIX XIX XIX XIX 10/29/2010
RE-073+00 9/28/2010 XIX XIX XI- XI- XIX 10/28/2010
RF-082+00 9/30/2010 XIX X/IX XIX XIX XIX 10/28/2010
RF-108+50 9/28/2010 XI- XI- XI- XI- XI- -
RG-136+00 10/1/2010 XIX XIX XIX X/IX XIX 10/29/2010
RG-137+50 9/28/2010 XIX XIX XIX XIX XIX 10/28/2010
RH-143+00 9/28/2010 XIX XIX XIX X/- XI- 10/28/2010
RH-144+50 9/28/2010 XIX XIX XIX XIX XIX 10/28/2010
RH-150+00 9/28/2010 X/IX XIX XIX XIX XIX 10/27/2010
RI-164+00 9/28/2010 XIX XIX XIX XIX XIX 10/28/2010
RI-164+50 9/28/2010 XIX XIX XIX XIX XIX 10/27/2010
RI-168+50 9/28/2010 XIX XIX XIX XIX XIX 10/26/2010
RK-201+00 9/28/2010 XIX XIX XIX X/IX XIX 10/26/2010
RM-285+00 9/28/2010 XIX XIX XIX XIX XIX 10/26/2010
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Table 2-2a. Habitat Scoring Criteria For Wadeable Streams

Habitat Scoring Categories and Variables

Poor

Marginal

Good

Excellent

Substrate and Instream Cover

40-70% of substrate is stable

>70% of substrate is stable and

<20% of substrate is stable
and free from sedimentation

20-40% of substrate is stable
and free from sedimentation

and free from sedimentation

free from sedimentation

Epifaunal Substrate/Available Cover
0-5 6-10 11-15 16-20
>75% is gravel cobble, or 50-75% is gravel, cobble, or | 25-50% is gravel, cobble, or 0-25% is gravel, cobble, or
Embededness
boulder boulder boulder boulder
0-5 6-10 11-15 16-20
Velocity/Depth Regime Dominated by 1 regime 2 of 4 regimes present 3 of 4 regimes present 4 of 4 regimes present
0-5 6-10 11-15 16-20
Channel Morphology
>50% of bottom affected by [ 30-50% of bottom affected by | 5-30% of bottom affected by <5% of bottom affected by
sediment deposition sediment deposition

Sediment Deposition

sediment deposition
0-5

sediment deposition
6-10

11-15

16-20
Water reaches base of both

Flow Status-Maintained Flow Volume

Little water in channel

0-5

Water in 25-75% of channel

6-10
Channelization is continuous

Water in >75% of channel

11-15
Some past channelization

lower banks

16-20
Channelization and dredging
absent

Channel Alteration

Recent channelization (<5
years)
0-5

but not recent (> 5 years)
6-10

evident (> 20 years)
11-15
Distance between riffles/width

16-20
Distance between riffles/width

Distance between riffles/width

Distance between riffles/width

of the stream= a ratio between

Frequency of Riffles/Bends _ . of the stream= a ratio between
of the stream= a ratio of >25 15 and 25 7 and 15 5and 7
0-5 6-10 11-15 16-20

of the stream= a ratio between

Riparian and Bank Structure

5-30% of bank has erosion

<5% of bank has erosion

60-100% of bank has erosion

30-60% of bank has erosion

Bank Stability
0-5 6-10 11-15 16-20
. . <50% of bank covered by 50-70% of bank covered by 70-90% of bank covered by >90% of bank covered with
Vegetative Protection ; . . -
vegetation vegetation vegetation vegetation
0-5 6-10 11-15 16-20
Riparian Vegetation Zone Width Zone Width: <10 feet Zone Width: 10-75 feet Zone Width: 75-150 feet Zone Width: >150 feet
0-5 6-10 11-15 16-20
Total Score 0-50 51-100 101-150 151-200

Source: DEQ 2008
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Table 2-2b. Habitat Assessment Scores for Benthic Community Locations

Substrate and Instream Cover Channel Morphology Riparian and Bank Structure
Epifaunal Embededness/ Velocity/ . Frequency . Riparian
Reach ID S_z?;wppele Riffle/Run SAUVZS“t;ETZ Pool Substrate Depth Dsee;;j(;rsni?igtn S'?aot\lljvs A(I:the?r;tr:EL of Riffles/ StBa atl)rillli(ty \I;regteetc;attilt\)/r? Vegetation (T::talofzgg Ranking
Cover Characterization Regime Bends Zone Width
TR-Ref-01 G/HD/S  Riffle/Run 20 20 20 16 16 15 18 13 18 18 174 Excellent
TR-Ref-02 G/HD/S  Riffle/Run 20 20 20 16 16 15 16 16 18 16 173 Excellent
CR-Ref-01 G/HD/S  Riffle/Run 11 18 20 13 16 13 13 15 18 16 153 Good
CR-Ref-02 G/HD/S  Riffle/Run 11 15 20 13 16 13 13 15 14 18 148 Good
RA-003+50 (a)  HD/S Run 13 11 16 16 16 8 6 14 14 8 122 Good
RB-013+00 (b) G Run 13 11 16 10 16 8 6 14 14 6 114 Good
RB-013+50 (c) G/HD/S Run 10 11 16 10 11 6 6 16 12 6
RE-062+00 G/HD/S  Riffle/Run 18 16 18 16 15 10 18 14 12 2 139 Good
RE-073+00 HD Riffle/Run 18 16 18 16 15 10 18 14 12 2 139 Good
RE-77+50 G/S Riffle/Run 16 16 18 16 15 10 18 14 12 2 137 Good
RF-082+00 HD Riffle/Run 13 15 16 10 15 6 10 14 6 2 107 Good
RF-085+00 GIS Riffle/Run 16 15 16 11 15 6 10 14 6 2 111 Good
RF-090+00 G Riffle/Run 18 18 16 15 15 6 10 14 6 2 120 Good
RG-128+50 G Riffle/Run 16 11 16 10 15 6 10 14 11 6 115 Good
RG-136+00 HD Riffle/Run 13 10 16 10 15 10 10 13 11 11 119 Good
RG-140 +00 HD Run 16 13 16 10 15 10 10 11 11 11 123 Good
RH-142+00 G Riffle/Run 13 13 16 8 15 8 13 14 11 11 122 Good
RH-143+00 G/HD/S  Riffle/Run 18 18 16 10 18 8 13 14 11 11 137 Good
RH-144+50 HD Riffle/Run 18 18 16 10 18 8 13 14 11 11 137 Good
RH-150+50 HD Riffle/Run 13 11 16 10 15 6 10 14 10 11 116 Good
RH-151+50 G Run 13 11 16 10 15 6 10 14 10 11 116 Good
RH-153+50 S Run 16 13 16 10 15 6 10 14 10 11 121 Good
RI-164+00 HD Run 11 11 16 6 18 3 6 11 10 10
RI-164+50 HD Run 11 10 15 6 16 3 6 11 10 10
RI-166+00 G/HD Riffle/Run 11 11 16 6 11 6 10 11 10 10
RI-169+50 G/HD/S  Riffle/Run 11 11 16 6 11 6 10 11 8 10
RK-201+00 G/HD/S Riffle/Run 18 15 16 11 11 10 13 11 18 15 138 Good
RM-285+00 G/HD/S  Riffle/Run 18 13 16 11 11 10 13 9 18 20 139 Good
(@) Referred to as RA-Ref-01 in some field notes. G: Grab Excellent Score >154
(b) Referred to as RA-Ref-02 in some field notes. HD:  Hester-Dendy Good Score 105-154
(b) Referred to as RB-Ref-01 in some field notes. S:  Sweep Score 56-104
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Table 2-3. Sediment Substrate for Benthic Community Locations (Observational Survey)

Reach ID Date Bedrock Boulder Cobble Gravel Sand Silt Clay
(>256 mm)

TR-Ref-01-IC 9/30/2010 0 20 40 20 20 0 0
TR-Ref-02 9/29/2010 0 20 30 20 30 0 0
CR-Ref-01 9/29/2010 0 0 0 50 45 5 0
CR-Ref-02 9/29/2010 0 0 0 2 98 0 0
RA-Ref-01 9/29/2010 0 30 60 10 0 0 0
RB-013+00 10/1/2010 0 40 0 0 30 30 0
RE-062+00 9/30/2010 0 5 5 50 40 0 0
RE-077+50 9/30/2010 0 10 20 10 0 60 0
RF-085+00 9/30/2010 0 25 30 25 20 0 0
RG-128+50 9/30/2010 0 10 30 25 45 0 0
RG-140-IC 9/30/2010 0 0 10 40 50 0 0
Rock Island 10/1/2010 0 30 25 20 25 0 0
RH-153+50, RH-

151450, RH-143+50 10/1/2010 0 0 0 30 35 35 0
RI-169+50 10/1/2010 0 0 0 30 35 35 0
RK-201+00 10/1/2010 0 50 20 0 10 10 0
RM-285+00 10/1/2010 0 30 20 10 20 20 0

mm: millimeter(s)
reference area location
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Table 2-4a Summary of Grain Size Distribution

Seive Size/ Percent Passing

Sample ID Date Sampled 3" 2" 15" 1" 0.75" 0.5" 0.375" 0.187" 0.0937" | 0.0469" | 0.0234" | 0.0117" | 0.0059" | 0.0029" Pan
CR-Ref-01-IC-SD 9/29/2010 100 100 100 100 100 98 95 91 85 78 65 23 3 2 2
CR-Ref-02-IC-SD 9/29/2010 100 100 100 100 100 100 100 100 97 91 72 14 1 1 1
TR-Ref-01-IC-SD 9/29/2010 100 100 100 100 84 72 56 42 29 19 13 8 3 2 2
TR-Ref-02-IC-SD 9/29/10 100 100 100 100 93 86 80 65 57 53 52 45 20 13 13
RA-Ref-01-IC-SD 9/29/10 100 100 100 100 100 94 91 88 85 83 81 73 13 3 2
RB-13+00-IC-SD 10/1/10 100 100 100 100 100 98 97 96 95 94 94 89 17 3 2
RE-62+00-IC-SD 9/30/10 100 100 100 82 62 48 39 24 18 14 10 2 1 1 1
RE-77+50-IC-SD 9/30/10 100 100 100 100 100 100 100 99 97 96 94 90 86 85 85
RF-85+00-IC-SD 9/30/10 100 100 100 100 100 76 65 50 38 25 15 3 1 1 1
RF-90+00-IC-SD 9/30/10 100 100 100 100 100 90 88 85 84 77 50 4 1 1 1
RG-128+50-IC-SD 9/30/10 100 100 100 100 78 66 61 51t 48 47 45 11 1 1 1
RG-140+00-IC-SD 9/30/10 100 100 100 100 100 100 97 84 69 55 44 11 1 1 0
RH-143+00-IC-SD 10/4/10 100 100 100 92 76 56 48 42 38 36 35 27 3 1 1
RH-151+50-IC-SD 10/1/10 100 100 100 100 100 96 93 85 73 65 59 35 10 2 2
RI-166+00-IC-SD 10/1/10 100 100 100 100 100 95 92 83 80 79 7 63 18 3 3
RI-169+50-IC-SD 10/1/10 100 100 100 100 96 90 83 61 47 39 34 18 5 2 2
RK-201+00-IC-SD 10/1/10 100 100 100 100 100 65 50 31 22 19 18 11 2 1 1
RM-285+00-IC-SD 10/1/10 100 100 100 78 57 40 38 32 27 26 25 16 3 1 1

Reference area locations

Sample particle size is less than seive size.

Size range that comprises 50 to 99.5% of sample.

inches
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Table 2-4b. Summary of Total Organic Carbon Concentrations
and Moisture Content

Location Collection Date TOC (% ww) Moisture Content (%)
TR-Ref-01 9/30/2010 1 13.6
TR-Ref-02 9/29/2010 1.2 15.2
CR-Ref-01 9/29/2010 0.46 26.9
CR-Ref-02 9/29/2010 0.12 20.5
RA-Ref-01 9/29/2010 0.25 22.3
RB-13+00 10/1/2010 <0.12 22
RE-62+00 9/30/2010 11 14.1
RE-77+50 9/30/2010 21 26.2
RF-85+00 9/30/2010 0.98 15.7
RF-90+00 9/30/2010 0.44 19.6
RG-128+50 9/30/2010 1.2 19.1
RG-140+00 9/30/2010 2.3 16.8
RH-143+00 10/4/2010 0.99 18.9
RH-151+50 10/1/2010 1.6 15.7
RI-166+00 10/1/2010 0.59 21
RI-169+50 10/1/2010 25 26.3
RK-201+00 10/1/2010 1.2 12.7
RM-285+00 10/1/2010 0.83 18.8

%: percent

TOC: total organic carbon

ww:  wet weight
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Table 2-5. Water Quality Measurements for Benthic Community Locations

_ Spec -

Reach ID Date  Flow (ft/s) SZ::ISnSI;y ORP (mV) Temp (C) (ng?L) Conduct pH lelr\lt_)l_lﬂl)ty
(mS)
TR-Ref-01 9/30/2010 0.31 0.26 61 15.36 8.52 0.54 8.68 1.3
TR-Ref-02 9/29/2010 1.53 0.25 34 14.48 9.52 0.52 9.09 0.2
CR-Ref-01 9/29/2010 0.96 0.25 8 14.97 12.71 0.52 9.29 1.8
CR-Ref-02 9/29/2010 0.79 0.25 35 15.04 12.44 0.53 9.65 15
RA-Ref-01 9/29/2010 0.82 0.24 17 15.62 12.06 0.51 9.18 7.1
RB-013+00 10/1/2010 0.25 0.24 -8 15.93 9.32 0.51 9.16 1.7
RE-062+00 9/30/2010 1.3 0.24 25 16.53 9.80 0.49 9.10 0.6
RE-077+50 9/30/2010 0.13 0.23 46 16.76 9.96 0.48 9.09 2.7
RF-085+00 9/30/2010 1.42 0.23 34 16.36 10.62 0.49 9.02 21
RG-128+50 9/30/2010 1.17 0.23 4 17.04 10.56 0.48 9.28 11
RG-140 9/30/2010 1.48 0.24 20 16.72 20.85 0.50 9.27 0.3
RH-153+50, RH-
151450, RH-143+50 10/1/2010 0.41 0.24 63 15.46 12.10 0.50 9.25 0.2
RI-169+50 10/1/2010 0.86 0.31 -33 15.84 12.68 0.65 9.63 2.8
RK-201+00 10/1/2010 0.52 0.33 -19 16.20 10.76 0.68 9.14 1.6
RM-285+00 10/1/2010 0.27 0.34 -54 16.41 10.95 0.70 9.55 3.2
C: Celsius
DO: dissolved oxygen

ft/s:
mg/L:
mS:
mV:
NTU:
ORP:
pss:

feet per second
milligram(s) per liter
millisiemen
millivolts

Nephelometric turbidity unit
oxidation reduction potential

practical salinity scale
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Table 2-6. Sweep Habitat Characteristic Composition

Six Habitat Subsamples Comprise Each Sweep Sample

Reach ID Date 1 2 3 4 5 6

TR-Ref-01 9/30/2010 boulder w/ vegetation boulder with algae vegetation vegetation/leaf pack woody debris gravel area

TR-Ref-02 9/29/2010 boulder vegetation/leaf pack silty bottom gravel bottom cobble bottom plants

CR-Ref-01 9/29/2010 cobble boulder vegetation woody debris leaf pack algae/sandy bottom

CR-Ref-02 9/29/2010 woody debris woody debris submerged aquatic submerged aquatic leaf pack vegetation margin

vegetation vegetation
RA-Ref-01 9/29/2010 cobble leaf pack submerged woody debris cobble with algae soft sediment/gravel
vegetation

RB-013+00 10/1/2010  cobble with algae boulder with aglae leaf pack leaf pack soft sediment/gravel vegetation

RE-062+00 9/30/2010 woody debris cobble/gravel cobble/gravel vegetation/gravel vegetation/gravel vegetation

RE-077+50 9/30/2010 cobble/gravel/moss gravel/vegetation boulder/moss/algae cobble/gravel/silt cobble/gravel/silt cobble/gravel/
vegetation

RF-085+00 9/30/2010 sand sand/vegetation sand/silt sand/silt sand cobble/gravel

RG-128+50 9/30/2010

RG-140-IC 9/30/2010 wood wood/leaf pack wood/leaf pack wood/leaf pack sand wood/leaf pack

Rock Island 10/1/2010

RH-153+50, 10/1/2010 woody debris/gravel woody debris/leaf pack woody debris algae covered boulder algae/cobble veg pack/soft sediment

RH-151+50,

RH-143+50

RI-169+50 10/1/2010 vegetation leaf pack leaf pack cobble/gravel boulder with algae large woody debris

RK-201+00 10/1/2010 cobble cobble vegetation leaf pack leaf pack boulder with algae

RM-285+00 10/1/2010  boulder with aglae leaf pack vegetation vegetation cobble cobble
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Table 3-1. Metric Calculations for Benthic Community Assessment: EPA and DNRE

Benthic Macroinvertebrate Metric Metric Measure,, Formula

1. Total Taxa®® Richness Number of species

2. Mayfly Taxa® Richness Number of taxa in the order Ephemeroptera (mayfly)

3. Caddisfly Taxa® Richness Number of taxa in the order Trichoptera (caddisfly)

4. Stonefly Taxa® Richness Number of taxa in the order Plecoptera (stonefly)

5. % Mayfly? Composition Number of individuals in the order Ephemeroptera + total number of individuals in sample

6. % Caddisfly® Composition Number of individuals in the order Trichoptera + total number of individuals in sample

7. % Isopod, Snail, Leech® Composition Number of individuals in the order Isopoda, class Gastropoda, and class Hirudinea + total
number of individuals in sample

8. % Dominance®” Tolerance Number of individuals in most dominant taxon + total number of individuals

9. % Surface Dependent®* Tolerance Number of surface dependent individuals + the total number of individuals in sample

10. Hilsenhoff Biotic Index (modified)®  Tolerance > (Xix t)*n
Number of individuals in the filterer functional feeding group + total number of individuals in

11. Ratio of Filterers/Total® Functional Feeding Group sample

(a) Based on DNRE 2008
(b) Based on USEPA 1989, 1999
(c) Based on list provided in Appendix | of DEQ 2008
DEQ: Department of Environmental Quality
DNRE: Michigan Department of Natural Resources and Environment
n: total number of organisms in the sample

t: tolerance value of a species
EPA: United States Environmental Protection Agency
Xi: number of individuals within a species
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Table 3-2. EPA Benthic Macroinvertebrate Scoring Criteria

Biological Condition Scoring Criteria*

Benthic Macroinvertebrate Metric 6 4 2 0

1. Taxa Richness® >80 % 60-80 % 40-59 % <40 %
2. Mayfly Taxa*" >80 % 60-80 % 40-59 % <40 %
3. Caddisfly Taxa™® >80 % 60-80 % 40-59 % <40 %
4. Stonefly Taxa*” >80 % 60-80 % 40-59 % <40 %
5. % Mayfly* >23% 23-15 % 5-14 % <5%
6. % Caddisfly™® >22% 22-3% 1-2% <1%
7. % Isopod, Snail, Leeches®® <6% 6-13 % 14-15 % >15%
8. % Dominance”® <20% 20-30 % 30-40 % > 40 %
9. % Surface Dependent®® <10% 10-23 % 24-30 % >30 %
10. Hilsenhoff Biotic Index (modified)™® > 85 % 70-85 % 50-70 % <50 %
11. % Filterers®™" >80 % 60-80 % 40-60 % <40 %

Biological

Comparison to
Reference Score (g)

Condition Support Status ()
Category (g)

>83 % Nonimpaired Comparable to a reference station (upstream location).

Community structure less than expected compared to the reference station. Composition (species richness) lower

- 0, i i i
54-79 % Slightly impaired than expected due to loss of some intolerant forms. Percent contribution of tolerant forms increases.
21-50 % Moderately impaired Fewer species due to loss of most intolerant forms.
<17 % Severely impaired Few species present. If high densities of organisms, then dominated by one or two taxa.

(a):
(b):
(c):
(d):
(e):
(®:
(9):

DNRE:
EPA:

Biological condition scoring criteria is based on USEPA (1989) and Creel et al. (1998) guidance documents.
Score is a ratio of study site to reference site x 100.

Biological condition scoring criteria values are based on USEPA 1989.

Scoring criteria evaluate actual percent contribution, not percent comparability to the reference station.
Biological condition scoring criteria values are based on Creel et al. 1998.

Score is a ratio of reference site to study site x 100.

Determination of Functional Feeding Group is independent of taxonomic grouping

Percentage values obtained that are intermediate to the above ranges will require subjective judgement as to the correct placement. Use of habitat
assessment and physiochemical data may be necessary to aid in the decision process (USEPA 1989).
Michigan Department of Natural Resources and Environment

United States Environmental Protection Agency
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Table 3-3: DNRE Procedure 51 Macroinvertebrate Metric Scoring and Interpretation: Ecoregion HELP

Benthic Macroinvertebrate Metric Stream Width 1 0 -1
1. Total Taxa >14 >31 18-31 <18
2. Mayfly Taxa >27 >3 2-3 <2
3. Caddisfly Taxa >14 >3 2-3 <2
4. Stonefly Taxa All >0 - 0
5. % Mayfly All >23 23-15 <15
6. % Caddisfly All >22 22-3 <3
7. % Isopods, Snail, Leech All <6 6-13 >13
8. % Dominance All <16 16-22 >22
9. % Surface Dependent All <10 10-23 >23
Metric Score Biosurvey Category
+5to +9 excellent
+1to +4 tending toward excellent
0 neutral
-lto-4 tending toward poor
-5 10 -9 poor

DNRE: Michigan Department of Natural Resources and Environment
HELP: Huron/Erie Lake Plain
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Table 4-1a. Summary of Metric Results for Grab Samples

Taxa  #of Mayfly # of Stonefly # of Caddisfly % Mayfly % Caddisfly % Dominant % Isopods, % Surface Ratio of
Location Richness Taxa Taxa Taxa Comp Comp Taxon Snails, Leeches Dependent HBI Filterers/Total
RE-062-00-IC-SBA 46 7 1 10 134 311 11.6 1.9 0.26 4.9 0.51
RE-062-00-IC-SBB 33 4 0 8 22.9 42.7 26.4 4.2 0.10 4.6 0.52
RE-062-00-IC-SBC 36 5 1 9 16.2 354 27.0 1.9 0 4.2 0.69
RE-077-50-IC-SBA 29 6 0 6 13.9 11.9 45.3 2.8 0 5.5 0.27
RE-077-50-IC-SBB 25 4 1 5 4.8 9.9 443 3.6 0 5.9 0.27
RE-077-50-IC-SBC 37 6 0 6 5.6 2.2 26.9 11 0 6.4 0.13
RF-085-00-IC-SBA 29 5 1 7 7.1 36.4 25.7 4.0 0 4.8 0.53
RF-085-00-1C-SBB 26 5 0 6 10.8 45.0 31.1 1.3 0 4.8 0.58
RF-085-00-IC-SBC 19 3 0 5 35 40.7 22.3 21 0 4.6 0.58
RF-090-00-I1C-SBA 25 4 1 4 6.4 13.9 235 0.8 0 5.1 0.43
RF-090-00-IC-SBB 22 2 0 8 2.6 11.2 294 0.3 0 5.5 0.46
RF-090-00-IC-SBC 15 2 1 4 14 27.8 23.0 0.0 0 5.0 0.58
RG-128-50-IC-SBA 22 2 0 2 11 3.7 295 0.5 0 6.1 0.11
RG-128-50-IC-SBB 23 3 1 5 5.2 6.0 29.9 0.0 0.37 5.7 0.18
RG-128-50-IC-SBC 29 3 0 7 4.2 9.1 24.2 0.2 0 5.5 0.32
RG-140-00-IC-SBA 28 5 1 6 6.9 31.9 175 34 0 5.3 0.38
RG-140-00-IC-SBB 37 8 1 7 10.6 22.7 22.3 6.8 0.36 5.4 0.31
RG-140-00-IC-SBC 26 4 1 6 4.3 20.1 20.1 2.3 0 5.7 0.31
RH-142-00-IC-SBA 30 4 0 7 3.6 13.0 27.4 7.8 0 5.9 0.45
RH-142-00-1C-SBB 24 3 0 7 3.0 7.1 374 6.6 0.27 5.9 0.42
RH-142-00-1C-SBC 16 2 0 2 7.6 6.1 36.4 6.1 0 6.0 0.26
RH-143-00-IC-SBA 33 7 0 5 14.2 8.9 20.5 1.2 0 6.0 0.40
RH-143-00-1C-SBB 33 7 0 8 13.8 5.0 11.3 10.3 0.31 6.4 0.16
RH-143-00-1C-SBC 28 4 0 5 9.0 4.0 19.8 3.7 0 6.5 0.32
RH-151-50-IC-SBA 31 5 1 6 55 2.9 27.9 15 0 6.4 0.14
RH-151-50-1C-SBB 24 5 1 4 2.8 3.6 34.6 5.3 0 6.4 0.14
RH-151-50-1C-SBC 39 7 1 6 7.8 4.4 20.2 12.2 0 6.4 0.14
RI-166-00-SBA 21 2 0 2 15 14.8 34.3 1.2 0 6.6 0.23
RI-166-00-SBB 18 1 0 2 0.2 0.5 67.4 1.6 0 6.4 0.08
RI-166-00-SBC 23 2 1 4 1.2 6.2 28.2 25 0 6.3 0.34
RI-169-50-IC-SBA 29 4 1 5 3.2 6.8 19.5 24 0 6.1 0.24
RI-169-50-1C-SBB 27 3 0 5 0.9 24 43.8 2.6 0 6.2 0.06
RI-169-50-IC-SBC 28 1 1 4 0.3 6.1 244 2.9 0 6.4 0.27
RK-201-00-IC-SBA 32 10 1 6 243 114 20.0 14 0 5.7 0.26
RK-201-00-IC-SBB 24 5 0 4 16.3 9.2 14.2 0.7 0 6.4 0.25
RK-201-00-IC-SBC 25 5 1 4 20.8 12.8 24.8 0.8 0 5.7 0.15
RM-285-00-IC-SBA 28 7 1 4 9.8 18.4 41.7 24 0 55 0.30
RM-285-00-IC-SBB 31 7 1 5 12.3 8.8 34.2 45 0 5.8 0.22
RM-285-00-1C-SBC 29 5 1 5 3.0 11.2 25.0 0.3 0 5.8 0.30
TR-Ref-01-SBA 32 6 1 5 27.1 15.6 14.6 3.1 3.13 4.8 0.10
TR-Ref-01-SBB 39 6 1 10 215 28.7 12.0 4.0 0.80 4.8 0.33
TR-Ref-01-SBC 36 5 1 11 9.9 65.3 26.9 1.7 0 4.0 0.65
TR-Ref-02-SBA 43 8 1 6 34.9 7.8 19.2 11.8 0 5.3 0.10
TR-Ref-02-SBB 32 8 1 5 32.8 10.9 20.1 7.5 0 5.3 0.06
TR-Ref-02-SBC 34 8 1 8 32.8 240 18.6 4.9 0 4.8 0.21
CR-Ref-01-IC-SBA 32 6 1 7 27.7 12.8 25.7 0.0 0 5.0 0.28
CR-Ref-01-IC-SBB 16 2 0 6 6.1 28.0 31.7 0.0 0 4.5 0.78
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Table 4-1a. Summary of Metric Results for Grab Samples

Taxa  #of Mayfly # of Stonefly # of Caddisfly % Mayfly % Caddisfly % Dominant % Isopods, % Surface Ratio of

Location Richness Taxa Taxa Taxa Comp Comp Taxon Snails, Leeches Dependent HBI Filterers/Total
CR-Ref-01-IC-SBC 20 2 1 6 8.1 50.3 331 0.0 0 3.6 0.79
CR-Ref-02-IC-SBA 16 4 0 3 22.6 6.0 42.9 0.0 3.57 6.6 0.04
CR-Ref-02-IC-SBB 18 6 0 1 255 1.0 294 0.0 12.75 6.3 0.10
CR-Ref-02-IC-SBC 26 7 0 2 42.7 2.7 21.3 0.7 9.33 5.8 0.07
RB-013+50-SBA 16 4 0 3 22.6 6.0 42.9 0.0 3.57 6.6 0.07
RB-013+50-SBB 20 3 0 1 24 0.6 29.1 1.8 22.42 6.7 0.11
RB-013+50-SBC 22 2 0 0 1.2 0.0 17.3 35 7.51 6.1 0.10
RB-013-00-IC-SBA 32 7 1 4 15.2 3.0 17.6 7.3 0.00 6.0 0.19
RB-013-00-IC-SBB 44 8 1 4 19.4 25 111 3.6 7.89 5.7 0.18
RB-013-00-IC-SBC 35 5 0 5 5.0 2.9 21.2 1.2 0.00 6.1 0.19
Summary Results: Location Specific

RE-062-00 MEAN 38 5 1 9 17.5 36.4 21.7 2.7 0.1 4.6 0.6
RE-062-00 SD 6.8 15 0.6 1.0 4.9 5.8 8.7 14 0.1 0.4 0.1
RE-077-50 MEAN 30 5 0 6 8.1 8.0 38.8 25 0 5.9 0.2
RE-077-50 SD 6.1 1.2 0.6 0.6 5.0 5.1 10.4 1.3 0 0.5 0.1
RF-085-00 MEAN 25 4 0 6 7.1 40.7 26.4 25 0 4.7 0.6
RF-085-00 SD 5.1 1.2 0.6 1.0 3.7 4.3 44 14 0 0.1 0.0
RF-090-00 MEAN 21 3 1 5 35 17.6 253 0.4 0 5.2 0.5
RF-090-00 SD 5.1 1.2 0.6 2.3 2.6 8.9 3.6 0.4 0 0.3 0.1
RG-128-50 MEAN 25 3 0 5 35 6.2 27.9 0.2 0.1 5.8 0.2
RG-128-50 SD 3.8 0.6 0.6 25 2.2 2.7 3.1 0.3 0.2 0.3 0.1
RG-140-00 MEAN 30 6 1 6 7.3 24.9 20.0 4.1 0.1 55 0.3
RG-140-00 SD 5.9 2.1 0.0 0.6 3.2 6.2 24 2.3 0.2 0.2 0.0
RH-142-00 MEAN 23 3 0 5 4.7 8.7 33.7 6.8 0.1 5.9 0.4
RH-142-00 SD 7.0 1.0 0.0 2.9 25 3.8 55 0.9 0.2 0.0 0.1
RH-143-00 MEAN 31 6 0 6 12.3 6.0 17.2 51 0.1 6.3 0.3
RH-143-00 SD 2.9 1.7 0.0 1.7 2.9 2.6 51 4.7 0.2 0.2 0.1
RH-151-50 MEAN 31 6 1 5 5.4 3.6 27.6 6.3 0 6.4 0.1
RH-151-50 SD 7.5 1.2 0.0 1.2 25 0.7 7.2 54 0 0.0 0.0
RI-166-00 MEAN 21 2 0 3 1.0 7.2 43.3 1.8 0 6.5 0.2
RI-166-00 SD 25 0.6 0.6 1.2 0.7 7.2 21.1 0.7 0 0.1 0.1
RI-169-50 MEAN 28 3 1 5 1.4 5.1 29.2 2.6 0 6.2 0.2
RI-169-50 SD 1.0 15 0.6 0.6 15 24 12.8 0.2 0 0.2 0.1
RK-201-00 MEAN 27 7 1 5 20.5 111 19.7 1.0 0 5.9 0.2
RK-201-00 SD 4.4 2.9 0.6 1.2 4.0 1.8 5.3 0.4 0 0.4 0.1
RM-285-00 MEAN 29 6 1 5 8.4 12.8 33.6 24 0 5.7 0.3
RM-285-00 SD 15 1.2 0.0 0.6 4.8 5.0 8.4 21 0 0.2 0.0
TR-Ref-01 MEAN 36 6 1 9 19.5 36.6 17.8 3.0 13 45 0.4
TR-Ref-01 SD 35 0.6 0.0 3.2 8.8 25.8 8.0 11 1.6 0.5 0.3
TR-Ref-02 MEAN 36 8 1 6 335 14.3 19.3 8.1 0 5.1 0.1
TR-Ref-02 SD 5.9 0.0 0.0 15 1.2 8.6 0.8 35 0 0.3 0.1
CR-Ref-01MEAN 23 3 1 6 14.0 30.4 30.2 0.0 0 4.4 0.6
CR-Ref-01SD 8.3 2.3 0.6 0.6 11.9 18.9 3.9 0.0 0 0.7 0.3
CR-Ref-02 MEAN 20 6 0 2 30.3 3.2 31.2 0.2 8.5 6.2 0.1
CR-Ref-02 SD 5.3 15 0.0 1.0 10.8 25 10.9 0.4 4.6 0.4 0.0
RB-013+50 MEAN 19 3 0 1 8.7 2.2 29.8 1.8 11.2 6.5 0.1
RB-013+50 SD 31 1.0 0.0 15 12.0 3.3 12.8 1.7 9.9 0.3 0.0
RB-013-00 MEAN 37 7 1 4 13.2 2.8 16.6 4.0 2.6 6.0 0.2
RB-013-00 SD 6.2 1.5 0.6 0.6 7.4 0.3 5.1 3.1 4.6 0.2 0.0
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Table 4-1a. Summary of Metric Results for Grab Samples

Taxa  # of Mayfly

# of Stonefly # of Caddisfly % Mayfly % Caddisfly % Dominant

% Isopods,

% Surface

Ratio of

Location Richness Taxa Taxa Taxa Comp Comp Taxon Snails, Leeches Dependent HBI Filterers/Total
Summary Results: Reach Specific

Reach E MEAN 34 5 1 7 12.8 22.2 30.3 2.6 0.1 5.3 0.4
Reach E SD 7.3 1.2 0.5 2.0 6.8 16.3 12.7 1.2 0.1 0.8 0.2
Reach F MEAN 23 4 1 6 5.3 29.1 25.8 14 0 5.0 0.5
Reach F SD 3.8 13 0.5 1.6 3.3 15.8 3.8 14 0 0.3 0.1
Reach G MEAN 28 4 1 6 5.4 15.6 23.9 2.2 0.1 5.6 0.3
Reach G SD 5.4 21 0.5 1.9 3.2 111 5.0 2.6 0.2 0.3 0.1
Reach H MEAN 29 5 0 6 7.5 6.1 26.2 6.1 0.1 6.2 0.3
Reach H SD 6.7 1.8 0.5 1.8 4.3 3.2 8.9 3.7 0.1 0.2 0.1
Reach | MEAN 24 2 1 4 1.2 6.1 36.3 2.2 0 6.3 0.2
Reach | SD 4.4 1.2 0.5 1.4 11 4.9 17.4 0.7 0 0.2 0.1
Reach K MEAN 27 7 1 5 20.5 111 19.7 1.0 0 5.9 0.2
Reach K SD 4.4 2.9 0.6 1.2 4.0 1.8 5.3 0.4 0 0.4 0.1
Reach M MEAN 29 6 1 5 8.4 12.8 33.6 2.4 0 5.7 0.3
Reach M SD 15 1.2 0.0 0.6 4.8 5.0 8.4 21 0 0.2 0.0
TR-Ref MEAN 36 7 1 8 26.5 25.4 18.6 5.5 0.7 4.8 0.2
TR-Ref SD 4.3 13 0.0 2.6 9.5 21.1 5.1 3.6 1.3 0.5 0.2
CR-Ref MEAN 21 5 0 4 22.1 16.8 30.7 0.1 4.3 5.3 0.3
CR-Ref SD 6.4 2.2 0.5 25 135 19.2 7.3 0.3 5.5 11 0.4
Reach A/B MEAN 28 5 0 3 11.0 2.5 23.2 2.9 6.9 6.2 0.1
Reach A/B SD 10.6 2.3 0.5 1.9 9.3 21 11.3 25 8.4 0.4 0.1
Composite Reference MEAN 29 5 1 5 19.8 14.9 24.1 2.8 3.9 5.4 0.2
Composite Reference SD 9.4 2.1 0.5 3.0 12.3 18.3 9.4 3.3 6.1 0.9 0.2

HBI:
SD:

Hilsenhoff biotic index
standard deviation
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Table 4-1b. Summary of EPA Metric Results for Hester-Dendy Samples

Location Taxa # Offl # Ofﬂ # of Caddisfly %ﬂ % Caddisfly % Dominant % Isopods, % Surface HBI Ratio of
Richness Mayfly Stonefly Taxa Mayfly Comp Taxon Snails, Leeches Dependent Filterers/Total
Taxa Taxa Comp
RE-061-00-HD1 32 5 2 7 2.6 10.6 335 0.2 0 5.7 0.19
RE-061-00-HD2 31 3 2 5 1.8 9.0 29.4 0.2 0 6.0 0.40
RE-061-00-HD3 22 1 1 2 11 9.5 22.1 3.2 0 6.0 0.24
RE-061-00-HD4 29 2 2 5 0.8 13.7 22.7 0.8 0 6.3 0.29
RE-061-00-HD5 29 3 1 4 2.4 10.7 27.4 1.2 0 6.0 0.18
RE-062-00-HD1 35 5 3 6 4.0 9.4 26.5 0.3 0.14 4.4 0.35
RE-062-00-HD2 41 6 3 9 8.4 14.3 32.9 0.1 0.13 5.2 0.47
RE-062-00-HD3 37 8 2 7 6.0 4.7 25.0 0.9 0 4.6 0.30
RE-062-00-HD4 37 5 2 6 4.2 5.9 21.3 0.5 0 5.1 0.29
RE-062-00-HD5 38 5 3 7 2.0 6.2 33.1 0.4 0 6.1 0.22
RE-073-00-HD1 28 1 1 3 0.3 11 50.7 0.3 0 6.6 0.12
RE-073-00-HD2 26 1 1 2 0.2 13 42.2 0.2 0 6.8 0.16
RE-073-00-HD5 30 4 1 4 1.0 3.1 37.8 0.2 0 6.3 0.10
RF-082-00-HD1 25 1 1 3 0.3 0.9 48.1 2.6 0 6.8 0.05
RF-082-00-HD2 23 1 2 0 0.6 0.0 23.9 0.0 0 6.4 0.16
RF-082-00-HD3 16 0 2 1 0.0 14 21.7 0.0 0 5.9 0.32
RF-082-00-HD4 19 1 1 3 0.3 0.9 33.6 0.3 0 6.1 0.04
RF-082-00-HD5 27 4 1 6 3.3 14.7 28.8 0.2 0 5.3 0.46
RG-136-00-HD1 32 5 1 4 3.1 3.6 27.6 1.6 0 5.2 0.32
RG-136-00-HD2 29 4 2 5 4.7 5.7 24.4 14 0 5.0 0.33
RG-136-00-HD3 32 6 2 7 4.2 6.7 29.7 0.5 0 4.9 0.33
RG-136-00-HD4 28 4 2 5 2.2 1.8 215 5.2 0 5.7 0.21
RG-136-00-HD5 25 4 1 4 2.3 2.7 24.3 3.8 0 55 0.15
RG-137-50-HD1 25 3 2 4 2.6 6.2 39.7 0.2 0 6.5 0.23
RG-137-50-HD2 28 3 2 5 11 1.2 33.2 0.0 0 6.4 0.34
RG-137-50-HD3 22 4 2 2 2.6 0.5 42.6 0.1 0 6.6 0.32
RG-137-50-HD4 26 5 2 5 14 2.6 38.6 0.3 0 6.5 0.29
RG-137-50-HD5 28 6 2 7 4.8 15 46.9 1.0 0 6.6 0.20
RH-143-00-HD1 24 5 2 7 17 2.9 36.0 0.0 0 5.8 0.40
RH-143-00-HD2 28 5 2 7 2.0 4.7 51.9 0.3 0 6.6 0.31
RH-143-00-HD3 39 6 1 8 2.9 4.2 42.6 0.2 0 6.4 0.25
RH-144-50-HD1 21 4 2 2 3.1 0.9 58.0 0.0 0 6.7 0.15
RH-144-50-HD2 18 6 1 3 3.4 3.1 375 0.0 0 6.2 0.35
RH-144-50-HD3 29 2 2 6 21 0.6 36.3 0.1 0 6.6 0.33
RH-144-50-HD4 25 4 2 3 24 0.8 29.2 0.0 0 6.0 0.28
RH-144-50-HD5 25 5 2 3 2.8 21 30.6 0.2 0 5.8 0.24
RH-150-00-HD1 17 2 1 1 0.5 0.2 57.5 0.0 0 7.2 0.12
RH-150-00-HD2 22 4 2 0 13 0.0 55.6 0.2 0 7.2 0.15
RH-150-00-HD3 27 4 2 3 1.6 0.4 48.0 0.1 0 6.8 0.15
RH-150-00-HD4 19 3 1 2 15 0.2 47.1 0.2 0 6.8 0.27
RH-150-00-HD5 25 3 1 4 22 21 51.3 0.5 0 6.8 0.17
RI-164-00-HD1 22 4 1 5 1.9 12 61.2 0.0 0 7.1 0.13
RI-164-00-HD2 23 3 2 4 14 1.8 63.9 0.0 0 7.2 0.11
RI-164-00-HD3 31 8 1 8 1.9 3.7 56.4 0.0 0 6.8 0.17
RI-164-00-HD4 26 5 1 6 5.2 11.0 49.0 0.0 0 6.6 0.23
RI-164-00-HD5 23 2 1 5 2.9 6.3 29.1 0.0 0 6.0 0.42
RI-164-50-HD1 24 2 0 0 0.3 0.0 56.2 0.6 0 7.3 0.06
RI-164-50-HD2 21 2 0 0 0.3 0.0 65.7 2.2 0 7.6 0.06
RI-164-50-HD3 27 1 1 1 0.1 0.1 59.0 1.2 0.14 7.0 0.06
RI-164-50-HD4 21 1 1 1 0.1 0.1 51.3 0.6 0 6.9 0.19
RI-164-50-HD5 17 0 0 0 0.0 0.0 59.1 13 0 7.3 0.05
RI-168-50-HD1 26 2 1 2 0.6 3.3 26.9 2.7 0.19 6.5 0.24
RI-168-50-HD2 25 2 1 3 0.7 2.8 47.0 17 0 7.0 0.19
RI-168-50-HD3 30 2 1 4 0.3 2.8 19.4 55 0 6.6 0.22
RI-168-50-HD4 24 2 1 6 0.7 10.8 27.2 35 0 6.5 0.23
RI-168-50-HD5 25 2 0 4 0.4 5.8 40.6 3.9 0 6.8 0.21
RK-201-00-HD1 20 2 1 5 0.6 20.4 17.9 0.0 0 5.0 0.32
RK-201-00-HD2 15 2 1 3 2.8 1.9 40.7 0.0 0 6.3 0.16
RK-201-00-HD3 19 4 1 2 2.2 35 24.0 0.0 0 5.4 0.16
RK-201-00-HD4 24 5 1 3 7.6 25 27.9 0.0 0 5.8 0.09
RK-201-00-HD5 20 4 1 3 3.1 7.6 325 0.0 0 5.9 0.20
RM-285-00-HD1 16 3 1 4 1.9 23.9 28.0 0.0 0 5.8 0.52
RM-285-00-HD2 18 3 1 4 1.0 22.8 21.9 0.0 0 5.4 0.38
RM-285-00-HD3 20 2 2 4 14 12.0 27.2 0.0 0 4.7 0.32
RM-285-00-HD4 20 4 1 5 0.9 6.4 29.1 0.2 0 5.6 0.20
RM-285-00-HD5 24 3 2 3 1.2 5.8 255 0.0 0 5.6 0.24
TR-REF-01-HD1 28 3 1 4 11.4 5.4 26.1 11 0 4.6 0.13
TR-REF-01-HD2 23 2 1 6 15.6 11.7 35.1 15 0 4.1 0.08
TR-REF-01-HD3 26 3 2 7 8.1 13.0 38.6 0.3 0 3.7 0.14
TR-REF-01-HD4 25 3 1 4 12.4 8.8 24.1 2.9 0 4.1 0.15
TR-REF-01-HD5 25 3 1 4 225 15.6 15.0 0.6 0 4.6 0.18
TR-REF-02-HD1 27 4 2 5 33.2 10.3 29.4 1.9 0 4.0 0.11
TR-REF-02-HD2 34 5 2 6 30.1 211 23.8 0.6 0 4.3 0.23
TR-REF-02-HD3 23 2 1 6 39.6 19.6 38.6 0.5 0 4.1 0.22
TR-REF-02-HD4 23 3 1 6 43.0 18.3 37.3 0.4 0 4.3 0.20
TR-REF-02-HD5 17 2 1 4 24.4 15.6 20.0 0.0 0 4.8 0.26
CR-REF-01-HD1 32 7 2 6 5.3 5.0 56.1 0.0 0 5.7 0.61
CR-REF-01-HD2 33 8 2 9 4.6 8.8 74.2 0.0 0 5.6 0.83
CR-REF-01-HD3 23 4 3 2 10.6 2.7 28.2 0.8 0 7.0 0.18
CR-REF-01-HD4 21 3 1 4 3.0 25 56.6 0.5 0 5.7 0.59
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Table 4-1b. Summary of EPA Metric Results for Hester-Dendy Samples

Location Taxa # Offl # Ofﬂ # of Caddisfly %ﬂ % Caddisfly % Dominant % Isopods, % Surface HBI Ratio of
Richness Mayfly Stonefly Taxa Mayfly Comp Taxon Snails, Leeches Dependent Filterers/Total
Taxa Taxa Comp

CR-REF-01-HD5 29 8 3 2 6.1 2.2 55.3 0.5 0 5.7 0.58
CR-REF-02-HD1 29 8 2 4 19.2 2.7 24.2 0.5 0 5.9 0.20
CR-REF-02-HD2 30 6 3 2 6.8 0.7 21.6 0.0 0 6.2 0.23
CR-REF-02-HD3 33 8 2 7 2.8 3.6 28.7 0.8 0 6.4 0.38
CR-REF-02-HD4 35 6 3 6 6.6 25 21.8 11 0 6.8 0.14
CR-REF-02-HD5 35 5 1 5 11.8 2.4 18.9 4.3 0 6.3 0.19
RA-003-50-HD1 30 4 2 3 6.0 22 315 0.7 0 6.0 0.35
RA-003-50-HD2 26 2 1 2 2.8 2.8 275 0.9 0 7.6 0.06
RA-003-50-HD3 32 5 3 4 3.8 2.8 12.6 0.3 0 5.9 0.07
RA-003-50-HD4 27 3 2 1 2.7 0.3 23.1 0.3 0 5.7 0.23
RA-003-50-HD5 27 4 2 2 2.0 11 39.4 0.3 0 6.4 0.12
RB-012-50-HD1 26 2 0 3 0.8 11 225 45 0.27 6.0 0.18
RB-012-50-HD2 24 3 0 1 1.6 0.4 34.8 12 0 6.7 0.21
RB-012-50-HD3 24 3 0 3 0.8 0.8 41.4 25 0 6.4 0.28
RB-012-50-HD4 21 2 0 1 0.5 0.5 26.4 2.3 0 6.1 0.12
RB-012-50-HD5 21 2 1 4 0.8 17 40.2 11 0 5.7 0.17
Summary Results: Location Specific

RE-061-00 MEAN 29 3 2 5 1.72 10.69 27.04 1.09 0 6.01 0.26
RE-061-00 SD 3.9 15 0.5 1.8 0.80 1.83 4.77 1.23 0 0.20 0.09
RE-062-00 MEAN 38 6 3 7 4.90 8.11 27.77 0.42 0.05 5.10 0.33
RE-062-00 SD 22 13 0.5 12 2.40 3.86 5.16 0.28 0.07 0.66 0.09
RE-073-00 MEAN 28 2 1 3 0.50 1.84 43.55 0.23 0 6.56 0.13
RE-073-00 SD 2.0 1.7 0.0 1.0 0.42 1.09 6.56 0.06 0.0 0.26 0.03
RF-082-00 MEAN 22 1 1 3 0.88 3.56 31.24 0.64 0 6.09 0.21
RF-082-00 SD 45 15 0.5 23 1.34 6.22 10.49 1.13 0 0.57 0.18
RG-136-00 MEAN 29 5 2 5 3.30 4.12 25.49 2.50 0 5.28 0.27
RG-136-00 SD 2.9 0.9 0.5 12 1.10 2.07 3.19 1.94 0 0.33 0.08
RG-137-50 MEAN 26 4 2 5 251 2.40 40.20 0.31 0 6.53 0.28
RG-137-50 SD 25 13 0.0 1.8 1.43 2.25 5.04 0.38 0 0.09 0.06
RH-143-00 MEAN 30 5 2 7 2.20 3.92 4351 0.15 0 6.26 0.32
RH-143-00 SD 7.8 0.6 0.6 0.6 0.65 0.93 8.03 0.14 0 0.45 0.08
RH-144-50 MEAN 24 4 2 3 2.79 1.50 38.32 0.06 0 6.28 0.27
RH-144-50 SD 4.2 15 0.4 15 0.51 1.06 11.54 0.10 0 0.37 0.08
RH-150-00 MEAN 22 3 1 2 1.41 0.59 51.90 0.20 0 6.95 0.17
RH-150-00 SD 41 0.8 0.5 1.6 0.63 0.85 4.59 0.18 0 0.23 0.06
RI-164-00 MEAN 25 4 1 6 2.65 4.78 51.93 0 0 6.73 0.21
RI-164-00 SD 3.7 23 0.4 15 1.50 3.99 13.93 0 0 0.49 0.13
RI-164-50 MEAN 22 1 0 0 0.19 0.06 58.26 1.18 0.03 7.23 0.08
RI-164-50 SD 3.7 0.8 0.5 0.5 0.14 0.08 5.20 0.65 0.06 0.28 0.06
RI-168-50 MEAN 26 2 1 4 0.56 5.11 32.22 3.46 0.04 6.67 0.22
RI-168-50 SD 2.3 0.0 0.4 15 0.17 3.41 11.26 1.41 0.09 0.21 0.02
RK-201-00 MEAN 20 3 1 3 3.25 7.20 28.62 0 0 5.68 0.18
RK-201-00 SD 3.2 13 0.0 11 2.63 7.74 8.64 0 0 0.49 0.08
RM-285-00 MEAN 20 3 1 4 1.29 14.17 26.32 0.04 0 5.38 0.33
RM-285-00 SD 3.0 0.7 0.5 0.7 0.41 8.72 2.79 0.10 0 0.42 0.13
TR-REF-01 MEAN 25 3 1 5 14.01 10.91 27.77 1.28 0 4.23 0.14
TR-REF-01 SD 1.8 0.4 0.4 1.4 5.45 3.94 9.35 1.02 0 0.38 0.04
TR-REF-02 MEAN 25 3 1 5 34.08 16.97 29.83 0.68 0 4.30 0.20
TR-REF-02 SD 6.3 13 0.5 0.9 7.41 4.25 8.15 0.73 0 0.34 0.06
CR-REF-01 MEAN 28 6 2 5 5.93 4.26 54.09 0.35 0 5.94 0.56
CR-REF-01 SD 5.4 2.3 0.8 3.0 2.84 2.79 16.45 0.34 0 0.60 0.23
CR-REF-02 MEAN 32 7 2 5 9.45 2.38 23.02 1.36 0 6.33 0.23
CR-REF-02 SD 2.8 13 0.8 1.9 6.34 1.04 3.68 1.71 0 0.33 0.09
RA-003-50 MEAN 28 4 2 2 3.45 1.84 26.80 0.53 0 6.31 0.17
RA-003-50 SD 25 11 0.7 11 1.57 1.09 9.96 0.28 0 0.78 0.12
RB-012-50 MEAN 23 2 0 2 0.91 0.90 33.06 2.33 0.05 6.17 0.19
RB-012-50 SD 22 0.5 0.4 13 0.40 0.51 8.39 1.39 0.12 0.39 0.06
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Table 4-1b. Summary of EPA Metric Results for Hester-Dendy Samples

Location Taxa # Offl # Ofﬂ # of Caddisfly %ﬂ % Caddisfly % Dominant % Isopods, % Surface HBI Ratio of
Richness Mayfly Stonefly Taxa Mayfly Comp Taxon Snails, Leeches Dependent Filterers/Total
Taxa Taxa Comp

Summary Results: Reach Specific

Reach E MEAN 32 4 2 5 2.66 7.66 31.13 0.64 0.02 5.79 0.25
Reach E SD 5.4 2.2 0.8 2.1 2.41 4.32 8.59 0.82 0.05 0.73 0.11
Reach F MEAN 22 1 1 3 0.88 3.56 31.24 0.64 0 6.09 0.21
Reach F SD 45 15 0.5 23 1.34 6.22 10.49 1.13 0 0.57 0.18
Reach G MEAN 28 4 2 5 291 3.26 32.85 1.41 0 5.90 0.27
Reach G SD 3.1 11 0.4 15 1.28 2.23 8.71 1.75 0 0.69 0.07
Reach H MEAN 25 4 2 4 2.12 1.71 44.74 0.14 0 6.53 0.24
Reach H SD 5.8 13 0.5 25 0.83 1.59 10.05 0.15 0 0.46 0.09
Reach | MEAN 24 3 1 3 1.13 3.32 47.47 1.55 0.02 6.88 0.17
Reach | SD 35 1.9 0.6 25 1.38 3.69 15.20 1.70 0.06 0.41 0.10
Reach K MEAN 20 3 1 3 3.25 7.20 28.62 0 0 5.68 0.18
Reach K SD 3.2 13 0.0 11 2.63 7.74 8.64 0 0 0.49 0.08
Reach M MEAN 20 3 1 4 1.29 14.17 26.32 0.04 0 5.38 0.33
Reach M SD 3.0 0.7 0.5 0.7 0.41 8.72 2.79 0.10 0 0.42 0.13
TR-Ref MEAN 25 3 1 5 24.04 13.94 28.80 0.98 0 4.27 0.17
TR-Ref SD 44 0.9 0.5 11 12.23 5.01 8.34 0.89 0 0.34 0.06
CR-Ref MEAN 30 6 2 5 7.69 3.32 38.55 0.86 0 6.13 0.39
CR-Ref SD 4.8 1.8 0.8 2.4 4.99 2.22 19.86 1.28 0 0.50 0.24
Reach A/B MEAN 26 3 1 2 2.18 1.37 29.93 1.43 0.03 6.24 0.18
Reach A/B SD 35 11 11 12 1.72 0.94 9.29 1.34 0.08 0.58 0.09
Composite Reference | 27 4 2 4 11.3 6.2 324 11 0.0 5.5 0.2
Composite Reference ! 4.6 2.0 0.9 2.0 12.0 6.4 13.8 1.2 0.0 1.0 0.2

SD:

HBI

standard deviation
EPA: United States Environmental Protection Agency

Hilsenhoff biotic index
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Table 4-1c. Summary of EPA/DNRE Metric Results for Sweep Samples

Location R_Taxa M#;)(/)ffly Stgnoeffly Cajdoifsfly % Mayfly % Caddisfly % Dominant % Isopods, % Surface HBI FFiQI?IeIrOe?sf/
ichness Comp Comp Taxon Snails, Leeches Dependent

Taxa Taxa Taxa Total
RE-062-00-IC-SP1 39 5 0 8 8.3 42.6 15.5 0.3 0 4.7 0.53
RE-077-50-IC-SP1 41 8 1 7 6.0 10.7 29.6 4.7 0 5.9 0.24
RF-085-00-IC-SP1 33 6 1 5 55 32.0 18.9 11 0 4.5 0.55
RG-140-00-IC-SP1 37 6 0 9 7.5 27.4 21.6 2.1 0 5.6 0.40
RH-153-50-IC-SP1 40 6 1 10 24.8 10.0 30.5 5.9 0 54 0.21
RI-169-50-IC-SP1 37 5 0 7 4.5 8.9 28.9 6.6 0 6.1 0.23
RK-201-00-IC-SP1 40 6 1 8 15.7 12.0 27.4 0.8 0.3 6.2 0.23
RM-285-00-I1C-SP1 40 6 1 5 13.4 31.0 19.5 4.1 0 5.8 0.35
TR-Ref-01-SP1 47 9 1 7 8.0 39.5 254 3.6 0.5 4.6 0.42
TR-Ref-02-SP1 38 7 1 7 23.8 29.4 18.0 5.4 0 4.6 0.29
CR-Ref-01-IC-SP1 42 7 1 9 19.5 30.9 13.2 2.0 0 4.6 0.41
CR-Ref-02-I1C-SP1 42 7 1 9 17.7 25.7 16.7 2.7 0.8 4.7 0.29
RA-Ref-01-IC-SP1 36 5 0 2 1.9 0.5 395 3.8 2.1 6.9 0.04
RB-013-00-IC-SP1 39 7 0 4 5.4 2.2 18.5 15.1 0.2 6.0 0.05
Composite Reference MEAN 41 7 1 6 12.7 21.4 21.9 5.4 0.6 5.2 0.3
Composite Reference SD 3.9 1.3 0.5 2.8 8.8 16.2 9.5 4.9 0.8 1.0 0.2

EPA: United States Environmental Protection Agency
DNRE: Michigan Department of Natural Resources and Environment

HBI: Hilsenhoff biotic index
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Table 4-2a: Dominant Taxon from Grabs Samples

Location ID

Species

Common Name

TR-Ref-01-SBA
TR-Ref-01-SBB
TR-Ref-01-SBC
TR-Ref-02-SBA
TR-Ref-02-SBB
TR-Ref-02-SBC
CR-Ref-01-IC-SBA
CR-Ref-01-IC-SBB
CR-Ref-01-IC-SBC
CR-Ref-02-IC-SBA
CR-Ref-02-IC-SBB
CR-Ref-02-IC-SBC
RA-Ref-02-SBA
RA-Ref-02-SBB
RA-Ref-02-SBC
RB-013-00-IC-SBA
RB-013-00-IC-SBB
RB-013-00-IC-SBC
RE-062-00-IC-SBA
RE-062-00-IC-SBB
RE-062-00-IC-SBC
RE-077-50-IC-SBA
RE-077-50-1C-SBB
RE-077-50-IC-S